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Objective  Cytochrome P450 (CYP) enzymatic activity, which is influenced by CYP genetic polymorphism, is known to affect the in-
ter-individual variation in the efficacy and tolerability of antidepressants in major depressive disorder (MDD). Escitalopram is metabo-
lized by CYP2D6, and recent studies have reported a correlation between clinical outcomes and CYP2D6 genetic polymorphism. The
purpose of this study was to determine the relationship between the CYP2D6 P34S polymorphism (C188T, rs1065852) and the efficacy of
escitalopram treatment in Korean patients with MDD.

Methods A total of 94 patients diagnosed with MDD were recruited for the study and their symptoms were evaluated using the 21-item
Hamilton Depression Rating scale (HAMD-21). The association between the CYP2D6 P34S polymorphism and the clinical outcomes
(remission and response) was investigated after 1, 2, 4, 8, and 12 weeks of escitalopram treatment using multiple logistic regression anal-
ysis and X* test.

Results The proportion of P allele carriers (PP, PS) in remission status was greater than that of S allele homozygotes (SS) after 8 and 12

weeks of escitalopram treatment. Similarly, P allele carriers exhibited a greater treatment response after 8 and 12 weeks of escitalopram
treatment than S allele homozygotes.

Conclusion Our results suggest that the P allele of the CYP2D6 P34S polymorphism is a favorable factor in escitalopram treatment
for MDD, and that the CYP2D6 P34S polymorphism may be a good genetic marker for predicting escitalopram treatment outcomes.
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INTRODUCTION

Major depressive disorder (MDD) is characterized by het-
erogeneity of etiology and involves both genetic and environ-
mental factors.! Information on the effect of neurobiological
factors on the treatment of MDD is limited. MDD patients
are treated with a series of antidepressants depending on the
severity and recurrence of the disease. Although numerous
antidepressants are available for the treatment of MDD, a
significant proportion of patients do not exhibit a response in
enough dose and duration of antidepressant treatment, and
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experience tolerability or adverse effects of antidepressants
that can result in discontinuation of treatment.>* The expect-
ation that accurate individualization of antidepressant selec-
tion may optimize clinical outcomes has led psychopharma-
cogenetics to target personalized medicine, which can maxi-
mize treatment response and minimize the possibility of non-
response, side effects, or dangerous adverse events in antide-
pressant treatment, based on patients’ genetic variabilities.*
The cytochrome P450 (CYP) system in the liver is responsi-
ble for the first phase of the metabolism of numerous ingested
chemicals, and CYP enzymes convert these substances into
electrophilic intermediates, which are then conjugated by ph-
ase IT enzymes to yield hydrophilic derivatives that can be ex-
creted.” Escitalopram is a selective serotonin reuptake inhibi-
tor which is widely used in the treatment of MDD and anxie-
ty disorders.® Escitalopram is metabolized by CYP2D6, 2C19,
and 3A4.” Escitalopram is first metabolized via N-demethyl-
ation to S-desmethylcitalopram by CYP3A4 and 2C19.° Then,
this metabolite is further demethylated, mainly by CYP2D,



to form S-didemethylcitalopram.’ Escitalopram and S-des-
methylcitalopram are the active forms of the metabolites with
antidepressant effects, whereas S-didemethylcitalopram is an
inactive form.® Based on CYP enzymatic activity, patients tak-
ing escitalopram exhibit various plasma concentrations of es-
citalopram and its metabolites S-desmethylcitalopram and S-
didemethylcitalopram.'’

CYP2D6 polymorphism is one of the most important gene-
tic polymorphisms because of its influence on the enzymatic
activity of CYP2D6, which is responsible for the metabolism
of numerous antidepressants." Based on the metabolic acti-
vity of the CYP2D6 polymorphism, 4 phenotypes have been
identified: extensive metabolizers (EMs), intermediate meta-
bolizers (IMs), poor metabolizers (PMs), and ultrarapid me-
tabolizers (UMs).">" PMs often exhibit significantly higher
plasma drug concentrations. Therefore, PMs may have greater
susceptibility to adverse effects, whereas UMs usually show
subtherapeutic plasma concentrations resulting in decreased
efficacy of antidepressants."* In addition to the higher suscep-
tibility of PMs to adverse effects of antidepressants, recent stu-
dies reported that PMs exhibit significantly lower treatment
responses than EMs.'>'®

The genetic polymorphism of CYP enzymes is not altered
by medication. therefore, these can be bio-markers for pre-
dicting enzymatic activities related to the metabolism of esci-
talopram. Furthermore, a recent study suggested an associa-
tion between genetic polymorphism of CYP enzymes and tr-
eatment response to escitalopram."

There are 80 identified variations of the CYP2D6 gene am-
ong the CYP genetic superfamily. Ethnicity is a factor in the
occurrence of CYP2D6 variability. For example, the allele fre-
quency of CYP2D6*10 in Asians is about 50%,”" whereas it is
only 1-2% in Caucasians.” Differences in the allele frequency
of CYP2D6*10 are also observed among Asian populations:
38.1% in Japanese 22 and 51.3% in Chinese.” It has been re-
ported that in Koreans the CYP2D6 alleles *1, *2, *5, *10, and
*41 occur with a frequency exceeding 1%.* Especially, a CY-
P2D6 genotyping study in the Korean population indicated
that CYP2D6*10 was the most frequent allele in Koreans, with
a frequency of 45%.** The CYP2D6*10 allele includes the
P34S (rs1065852) and S486T (rs1135840) mutations. The P34S
mutation is a single nucleotide polymorphism (SNP) in *4,
*10, *14A, *36, and many other alleles of CYP2D6,” and is
known to eliminate the important proline-rich (“PPGP”) se-
quence near the amino terminus essential for the folding of
the P450 enzyme.**” The P34S mutation of CYP2D6*10 ma-
kes the enzymatic activity very unstable, and it usually leads
to reduced affinity for substrates.” The relationship between
the P34S mutation and drug metabolism by the CYP2D6 en-
zyme has urged recent pharmacogenetic studies to focus on
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the influence of this SNP on the clinical outcomes of several
psychotropic treatments.**

We postulated that CYP2D6 P34S polymorphism is a most
powerful marker for detecting CYP2D6*10 allele and other
CYP2D6 alleles with P34S polymorphism are negligible in
the study, because other alleles with P34S polymorphism have
low frequency in Korean population, not exceeding 1%.*
Therefore, we chose the CYP2D6* 10 P34S polymorphism as a
genetic marker for predicting escitalopram treatment outcomes
in this study.

Although numerous studies have suggested that inter-indi-
vidual variations in clinical outcomes and tolerability in the
treatment of MDD are influenced by CYP2D6 polymorph-
ism, few studies have focused on the CYP2D6*10 polymorph-
ism and treatment response to escitalopram. The purpose of
this study was to investigate the relationship between the CY
P2D6*10 P34S polymorphism (C188T, rs1065852) and the effi-
cacy of escitalopram treatment in Korean patients with MDD.

METHODS

Subjects and clinical assessments

A total of 94 patients diagnosed with MDD were recruited
from Korea University Anam Hospital and enrolled from Mar-
ch 2009 through June 2011. Using the Structured Clinical In-
terview for DSM-IV Axis I disorders (SCID-I) and the Korean
version of the Diagnostic Interview for Genetic Studies (K-
DIGS), trained psychiatrists examined all the subjects. The
severity of depression was evaluated using the 21-item Ham-
ilton Depression Rating (HAMD-21) scale. All subjects en-
rolled had a minimum score of 18 on the HAMD-21 scale.
Exclusion criteria for enrollment were: 1) primary or co-mor-
bid diagnoses of schizophrenia, schizoaffective disorder, bi-
polar disorder, dementia or MDD with psychotic features,
based on DSM-1V criteria within the previous 6 months, 2)
serious or unstable medical illness, 3) personal or family his-
tory of substance abuse/dependence. All subjects were at le-
ast 18 years of age. Patients already on other psychotropic me-
dication were permitted a 2-week washout period. Demogra-
phic data, medical history, and laboratory data of all the sub-
jects were documented. During the study treatment period, all
subjects received escitalopram (Lexapro®; Lundbeck, Copen-
hagen, Denmark) at a daily dose of 5-40 mg, and psychotro-
pic drugs, such as antipsychotics and mood stabilizers, were
not permitted. In accordance with the Declaration of Helsinki,
all subjects gave informed consent to participate in the study,
and the study protocol was approved by ethics review board
of from Korea University Anam Hospital. We evaluated clini-
cal symptoms using the HAMD-21 scale and the Clinical glo-
bal impression scale-Severity (CGI-S) at baseline and after 1,
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2,4, 8, and 12 weeks of treatment. Response was defined as a
reduction of 50% or more in the HAMD-21 score compared
to baseline, and remission status was defined as a HAMD-21
total score of 7 points or less.” The side-effects profile during
treatment was assessed using the Udvalg for Kliniske Under-
sogelser (UKU) Side Effect Rating Scale (UKU-SERS).* To
evaluate specific clusters of adverse effects, UKU-SERS items
were grouped as psychic side effects (items 1.1, 1.2, 1.3, 14, 1.5,
1.6, and 1.10), sleep symptoms (items 1.7, 1.8, and 1.9), extra-
pyramidal symptoms (items 2.1, 2.2, 2.3, 2.4, 2.5, and 2.6),
gastro-intestinal symptoms (items 3.4, 3.5, and 3.6), auto-
nomic side effects (items 3.1, 3.2, 3.3, 3.7, 3.8, 3.9, 3.10, and
3.11), skin reactions (items 4.1a, 4.1b, 4.1c, 4.1d, 4.1e, 4.2, 4.3,
and 4.4), weight changes (items 4.5 and 4.6), hormonal side
effects (items 4.7, 4.8, 4.9, and 4.10), sexual side effects (4.11,
4.12, 4.13, 4.14, 4.15, and 4.16), and headache (items 4.17a,
4.17b,and 4.17¢).

DNA analysis

We extracted DNA from peripheral blood of the subjects
and polymerase chain reaction (PCR) was performed using
the sense primer 5-CCA TTT GGT AGT GAG GCAGGT
AT-3’ and antisense primer 5-CAC CAT CCATGT TTG
CTT CTG GT-3’ Each amplification mixture contained 50
ng of DNA, 3 L of 10X PCR buffer, 2.5 pL of 2.5 mM dNTP,
10 pmol of each primer, and 0.5 pL of Taq polymerase (5 U/
uL; Takara, Kyoto, Japan). We amplified the samples using a
thermocycler (Perkin-Elmer, Boston, MA, USA) using the fol-
lowing conditions: an initial 7 minutes at 94°C, followed by
35 cycles of 45 seconds at 94°C, 45 seconds at 56°C, and 45 se-
conds at 72°C. The amplification reaction was terminated at
4°C after a final 5 minutes extension at 72°C. The amplified
DNA was digested with the restriction endonuclease Hphl
(New England BioLabs, Ipswich, MA, USA), which cleaves
at site 188C. The digested DNA was electrophoresed on 3%
agarose gel and stained with ethidium bromide to detect the

213- and 58-bp fragments corresponding to the 188C (34Pro)
allele and the 122-, 101-, and 58-bp fragments corresponding
to the 188T (34Ser) allele.

Statistical analysis

An efficacy analysis was conducted on the “intention-to-
treat” group. The intention-to-treat group included all subjects
who received escitalopram at least once and who had at least
one efficacy measurement. Hardy-Weinberg equilibrium was
examined using the X’ test. The genetic association of the CY-
P2D6 P34S polymorphism with treatment efficacy was analyz-
ed using multiple logistic regression controlling for sex and
age as covariates. In allele frequency analysis, X* test was used.
All statistical analyses were performed using SPSS version
18.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Subject clinical characteristics and Hardy-Weinberg
equilibrium for the CYP2D6 P34S polymorphism

The intention-to-treat group consisted of 94 subjects. X* test
analysis of genotype frequencies confirmed that the subjects
were in Hardy-Weinberg equilibrium (x*=3.45, p=0.063). Of
the 94 patients initially recruited, 56 patients completed the
12-week study and 38 patients withdrew because of a failure
to draw blood, lack of efficacy, personal conflict or other per-
sonal decision, loss to treatment or adverse events during the
12 weeks of treatment.

The mean age, onset age, family history of MDD and base-
line HAMD-21 and CGI-S scores are presented in Table 1. Th-
ere were no significant differences in these demographic data
among the genotypes. The gender distribution during the stu-
dy period did not differ between the 3 genotypes. The baseline
HAMD-21 and CGI-S scores also did not differ among the ge-

notypes.

Table 1. Demographic characteristics of the major depressive disorder intention-to-treat group

Genotype

pp PS sS p value
N 28 38 28 0.063*
Age 4829+17.75 44.97+15.20 48.82+15.56 05691
Age at onset 44.68+17.99 44.08+15.78 4429+16.06 0.990t
Sex [male (%)] 2(7.1) 6(15.8) 5(17.9) 0556t
Family history of MDD [N (%)] 5(17.9) 7(18.4) 207.1) 0411¢
Baseline HAM-D 21.18+3.59 22115405 22214401 0542t
Baseline CGI 450+0.64 46310.97 4794079 04381

*p value for Hardy-Weinberg equilibrium, fgenotype comparisons were performed using ANOVA, *genotype comparisons were performed
using Fisher’s exact test. MDD: major depressive disorder, HAM-D: Hamilton Depression Rating Scale, CGI: Clinical Global Impression,

ANOVA: analysis of variance
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Association between remission status and the
CYP2D6 P34S polymorphism in escitalopram
treatment

We investigated the association between the CYP2D6 P34S
polymorphism and remission status after 1, 2, 4, 8, and 12 we-
eks of escitalopram treatment using multiple logistic regres-
sion. The correlations between the CYP2D6 P34S polymorph-
ism and remission status in escitalopram treatment are pre-
sented in Table 2. A significant association was detected after
8 and 12 weeks of treatment (p=0.049 and 0.011, respectively)
in a recessive model, which compared P allele carriers (PP ho-
mozygotes and PS heterozygotes) with SS homozygotes. The
proportion of SS homozygotes in remission was lower than
that of P allele carriers after 8 and 12 weeks of treatment. Th-
ere were also significant differences in the remission status am-
ong the genotypes in the co-dominant (PP homozygotes vs.
PS heterozygotes vs. SS homozygotes) after 8 and 12 weeks of
treatment (p=0.044 and 0.013, respectively). However, in do-
minant models which compared S allele carrier with PP ho-
mozygotes, there were no significant relationship between the
polymorphism and remission status. In the allele frequency
analysis using X’ test, there were significant differences among
the genotypes after 4, 8, and 12 weeks of treatment (p=0.029,
0.032, and 0.007, respectively). Our results support the pos-
tulation that P allele carriers tend to enter remission in esci-
talopram treatment.

Association between treatment response and the
CYP2D6 P34S polymorphism in escitalopram
treatment

As shown in Table 3, a significant association was observed
between the genotype and treatment response after 8 and 12
weeks of treatment (p=0.030 and p<0.001, respectively) by
logistic regression in the recessive model. The proportions of
S allele homozygotes in responders were lower than that of P
allele carriers after 8 weeks and 12 weeks of treatment. A sig-
nificant correlation was also observed after 8 and 12 weeks of
treatment (p=0.031 and 0.001, respectively) in the co-domi-
nant model. In allele frequency analysis, the proportions of P
allele in responders were significantly larger than those of S
alleles after 8 weeks and 12 weeks of treatment (p=0.011 and
p<0.001, respectively).

Association of the CYP2D6 P34S polymorphism
with escitalopram-induced side effects
in escitalopram treatment

To evaluate the correlation between the CYP2D6 P34S po-
lymorphism and escitalopram-induced adverse effects, UKU-
SERS was used. The adverse effects on psychic symptoms,
sleep symptoms, extrapyramidal symptoms, gastro-intestinal

Table 2. Association analysis of the CYP2D6 P34S polymorphism with remission status in escitalopram treatment of MDD patients

Allele frequency, N (%)

Dom

Rec

Co-dom

Genotype, N (%)

Remission

Duration

OR
P 950 cn)

Total

OR OR
(95% CI) (95% CI)

OR
PS SS Total p (95% CI)

status PP

(weeks)

0.493 1.57
(0.43-5.76)

10 (5.4)
176 (94.6)

4(4.3)
90 (95.7)

6(6.5)

(0.22-9.76) 86 (93.5)

1(3.3) 5(54) 0713 1.27 0.843 1.26 0.688 1.47
(0.36-4.51) (0.13-12.66)

2(5.3)

2(7.4)

Remission

25(92.6) 36(94.7) 27(96.4) 88(94.6)

Non-remission

1.31

22 (13.6) 0.560

0283 243 0771 081 12(152) 10 (12.0)

1.22

6(194) 2(77) 11(13.6) 0.633

3(12.5)

Remission

2
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ese contradictory results may be explained by the differences
in the study designs. In the study of Serretti et al.,”* antide-
pressants were divided into SSRI, TCA, NRI, SNRI, and NaS-
SA, and the efficacy of treatment was evaluated based on the
genetic polymorphisms of CYP1A2, CYP2C9, CYP2C19, and
CYP2Dé. Problems of stratification in the study was pointed
out by a recent report,” because only 1 of 247 subjects receiv-
ed escitalopram in the study. Consistent with the results of our
present study, our previous study on CYP2D6 P34S poly-
morphism and treatment response to mirtazapine, which sh-
owed that CYP2D6 P34S polymorphism was significantly
associated with remission status, and that the P allele of the
CYP2D6 P34S polymorphism is a favorable factor for a re-
sponse to mirtazapine treatment in Koreans with major de-
pression.”

There has been a discussion on not only the influence of
CYP2D6 polymorphism on treatment outcomes, but also on
the correlation between CYP2D6 polymorphism and drug-
induced adverse effects. Several recent studies on pharmaco-
genetic evaluation of antidepressant-induced adverse effects
reported that CYP2D6 PMs tend to exhibit an increase in con-
centration-dependent adverse events due to slow elimination
of antidepressants from the body."”"® Furthermore, Chou et
al.¥ suggested that the total duration of hospital stay was lo-
nger for patients in the CYP2D6 PM group due to a higher
number of adverse drug effects. However, our analysis of the
CYP2D6 P34S polymorphism and the medication-related
adverse effects could not reveal the correlation between them
in any categories of adverse effect on UKU-SERS.

Based on the results of previous studies, altered CYP2D6
metabolic activity modulated by CYP2D6 polymorphism is
associated with a generally less favorable treatment outcome in
patients treated with antidepressants that are CYP2D6 sub-
strates.'® It has been reported that CYP2D6 PMs have greater
susceptibility to adverse effects***
onse'>'® to antidepressants than EMs due to higher plasma
drug concentrations. On the other hand, reduced antidepres-
sant efficacy in CYP2D6 UMs was attributed to insufficient
plasma drug concentrations to produce the desired therapeu-
tic effects with the usual doses.***” The frequency of CYP2
D6*10 is relatively high in Asian IMs, and lower catalytic ac-
tivities toward various psychotropic drugs, including antide-
pressants, were observed in patients with CYP2D6*10/*10 or
CYP2D6*10/*null genotypes.”® Based on the aforemention-
ed reports and the results of our study, we postulate that SS
allele homozygotes of the CYP2D6 P34S polymorphism show
low efficacy of treatment for MDD due to their escitalopram
metabolizer phenotype. In this study, it remains unclear whe-
ther patients with the homozygous SS allele are PMs, UMs, or
IMs due to lack of plasma drug concentration measurements.

and lower treatment resp-
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However, studies on the association between drug concentr-
ation levels and treatment outcomes in MDD have yielded
inconsistent results. In one study with a naturalistic clinical
study design, treatment response was not associated with pla-
sma concentrations or influenced by CYP2D6 polymorphism,
above or below the lower limit of a presumed therapeutic ran-
ge of antidepressants.” In another study," an influence of CY-
P2D6 polymorphism on escitalopram efficacy was observed,
but there were no significant differences in the serum concen-
trations of escitalopram and its metabolites S-desmethylcital-
opram and S-didemethylcitalopram among the allelic com-
binations of CYP2D6 polymorphism, including the CYP2
D6*10 allele. Therefore, further studies that take into consid-
eration both the genotype of the polymorphism and plasma
drug concentrations as a phenotype are required to demon-
strate a direct correlation between plasma drug concentration
and the polymorphism and to elucidate the influence of the
CYP2D6 P34S polymorphism on the efficacy and tolerability
of escitalopram.

To our knowledge, this is first study to evaluate the associ-
ation between CYP2D6 polymorphism and efficacy of escita-
lopram, focusing on a single locus of the CYP2D6 P34S poly-
morphism. However, this study has several limitations; First,
we investigated only 1 SNP of the CYP2D6 polymorphism,
not allelic combinations of all CYP2D6 polymorphisms de-
tected in the Korean population. For a thorough evaluation,
gene screening and association studies of whole CYP2D6 ge-
netic polymorphisms are required to identify the genetic mar-
kers associated with treatment response to escitalopram. How-
ever, the CYP2D6 P34S polymorphism is an important gene-
tic marker, indicating CYP2D6*10 allele which is not only the
most frequent allele in the Korean population,™ but also in the
Asian population.”* Therefore, an investigation of the causal
relationship between single SNP and efficacy of escitalopram,
focusing on the CYP2D6 P34S polymorphism, will also be
meaningful.

Second, relatively small sample sizes at baseline for each ge-
notype groups and small number of completers for 12-week
escitalopram treatment schedule make nothing to be concl-
uded strongly in this study. In addition, there were perform-
ance of multiple comparisons in the analyses, therefore, our
suggestions in this study can not be free from the risk of type
TIerror.

Third, we could not determine the patients’ CYP2D6 me-
tabolizer phenotype, which was considered an important fac-
tor in previous pharmacogenetic studies on CYP2D6 poly-
morphism and antidepressant efficacy, because of a lack of pla-
sma escitalopram concentration measurements in our study.
Therefore, the correlation between treatment response to es-
citalopram and enzymatic activity of CYP2D6 remains un-
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clear. With respect to population stratification, bias cannot be
excluded from our results. However, given that the Korean po-
pulation has a relatively high degree of genetic homogeneity,
such stratification bias is unlikely in our subjects. In this study,
individual subjects received escitalopram at a dose range of
5-40 mg, not the same dose, during the 12-week trial. Howev-
er, we did not control the dose of escitalopram as a covariate
in the statistical analysis of the association between polymor-
phism genotypes and treatment outcomes. Thus, there is a
possibility that the variation in the escitalopram dose influ-
enced the treatment response. Finally, we could not detect an
influence of the CYP2D6 P34S polymorphism on adverse ef-
fects of escitalopram in our study. Few studies have exam-
ined the association between CYP2D6 polymorphism and to-
lerability of antidepressants. We expect that future studies will
pay more attention to this topic.

In summary, we found that CYP2D6 P34S was associated
with remission status and treatment response in escitalopram
treatment. We postulate that CYP2D6 P34S is a genetic mark-
er for predicting the clinical outcome of escitalopram treat-
ment, and the P allele is a favorable factor in escitalopram tr-
eatment in Korean patients with major depression.
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