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Abstract

Aim: The study objective was to assess the frequency of gene alleles responsible for the metabolism and elimination of drugs in treat-
ment-resistant patients to antipsychotics and/or antidepressants.

Materials and methods: The frequency of CYP2D6, CYP2C19, and CYP1A2 gene alleles was studied in 133 patients aged 18-70
years in comparison with a healthy population.

Results: Patients with treatment resistance to antipsychotics and/or antidepressants demonstrated the increased allele frequency of
CYP2D6 *3 (4.5% vs. 1.0%, OR 4.5, p=0.003), CYP2C19 *17 (24.4% vs. 15.4%, OR 1.78, p=0.027), CYP1A2 *1A (68.5% vs. 41.4%, OR
3.03, p<0.001), decreased allele frequency of CYP2C19 *1 (61.3% vs. 88.3%, OR 0.21, p<0.001) and CYP1A2 *1F (30.4% vs. 58.6%,
p<0.001). The frequency of CYP2D6 *5 allele was higher in females (3.8% vs. 0% in males, OR 11.6, p=0.029). No age difference was
found in CYP2D6, CYP2C19, and CYP1A2 alleles frequencies in the subgroups of patients aged 18-30 years versus 31-70 years.

Conclusion: The observed difference in the genotype prevalence of CYP2D6, CYP2C19, and CYP1A2 in patients with antipsychotic
and/or antidepressant resistance allows us to recommend pharmacogenetic testing for routine clinical practice in order to select the
most effective and safe treatment for patients with antipsychotic and antidepressant resistance.
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Introduction

The pharmacotherapy of neuropsychiatric disorders is
distinguished by significant inter-individual variability in
drug response as well as the emergence of side effects that
prevent further dose increases to achieve a clinical effect.!!]
Treatment resistance (TR) to antipsychotics (AP) and an-
tidepressants (AD) is defined as a failure to achieve a full
or sustained remission of the symptoms after the treatment
with at least two different drugs used in the appropriate
doses for 6-8 weeks.[?)

TR to AP is diagnosed in 30%-60% of patients'), while
TR to AD is found in 33%-55% of patients!*. TR is one
of the main reasons for increasing the cost of treatment for
psychiatric patients. ®

One of the primary factors contributing to TR is a genet-
ic variation in the proteins involved in drug metabolism,
particularly cytochromes such as CYP2D6, CYP2C19, and
CYP1A2, which play a key role in metabolizing most APs
and ADs.[7#l

Different polymorphisms in CYP2D6, CYP2C19, and
CYP1A2 cause the production of proteins with varying lev-
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els of enzyme activity. As a result, individuals can be classi-
fied as extensive (normal) metabolizers (EM), poor metab-
olizers (PM), intermediate metabolizers (IM), or ultrarapid
metabolizers (UM).”) Slow drug metabolism in PMs leads
to high plasma drug concentration and puts patients at high
risk for side effect development. Therefore, a lower dosing
regimen is preferred for such patients. Increased CYP ac-
tivity in UMs causes rapid drug metabolism and low drug
plasma levels. Such patients will require higher drug doses
to achieve the therapeutic effect.!®1%!

CYP2D6

CYP2D6 EMs bear *1 allele variants associated with the
normal enzymatic function, whereas the alleles CYP2D6
*3, *4, *5, and *6 code proteins with no function.”]
CYP2D6 PMs are at increased risk of side effects, such as
the development of suicidal ideation or AD-induced ma-
nia during the treatment.!'!) The FDA issued a black box
warning for selective serotonin reuptake inhibitors (SSRIs)
(121 requiring caution and close monitoring at the start of
treatment, while CYP2D6 UMs demonstrated better re-
sponse to venlafaxine treatment and remission in patients
with major depressive disorder!!3].

CYP2C19

The CYP2C19 *1 allele variant codes an enzyme with a nor-
mal function; the CYP2C19 *17 allele increases CYP2C19
activity, the alleles CYP2C19 *2 and *3 are responsible for
the loss of protein function.l” CYP2C19 metabolizes es-
citalopram, citalopram, and sertraline.[>'4l CYP2C19 PMs
are at higher risk of the side effects developing during the
treatment with escitalopram, leading to the treatment dis-
continuation, while low efficacy occurs in UMs.[!°]

CYP1A2

The CYP1A2 enzyme is encoded by the CYP1A2 gene and
is responsible for the metabolism of agomelatine, duloxe-
tine, mirtazapine, olanzapine, and clozapine.'¥ CYP1A2
*1A allele codes protein with normal function; *1C vari-
ant is associated with a decreased enzyme activity.l”! The
CYP1A2 *1F variant codes a protein with decreased func-
tion, it is highly inducible by tobacco smoke and crucifer-
ous vegetables, leading to increased enzyme activity.!'718]

Aim

The current study sought to investigate the allele frequency
of CYP2D6, CYP2C19, and CYP1A2 in TR psychiatric pa-
tients, comparing them to the general healthy population,
as well as by age and sex subgroups.

Materials and methods

This was a retrospective observational study by design that
used pharmacogenetic (PG) test data from 133 TR patients
who received AP or/and AD as outpatients in Saint Peters-
burg, Russia.

Treatment resistance is defined as the presence of any
of the following criteria: (1) frequent hospitalizations— at
least twice a year—during treatment with AP and/or AD; (2)
persistent symptoms after two or more attempts at treat-
ment with two drugs at adequate doses with an assessment
of efficacy after at least 6 weeks of treatment; (3) side effects
during treatment that prevent dose escalation to achieve a
response.

PG testing was performed in the MedLab laboratory
(Saint Petersburg, Russia). Cytochrome CYP2D6 (alleles
*1, *3, *4, *5, *6), CYP2C19 (alleles *1, *2, *3, *17), and
CYP1A2 (alleles *1A, *1F, *1C) polymorphisms were as-
sessed. CYP2D6 and CYP2C19 testing was performed in
133 patients (266 alleles), and CYP1A2 testing was per-
formed in 130 patients (260 alleles).

The retrospective nature of the study precluded the ac-
quisition of patients’ informed consent. However, prior to
real-world routine medical procedures, patients’ rights and
privacy were protected in accordance with applicable local
regulations. Written consent was obtained from each pa-
tient before admission to the outpatient hospital for blood
collection at the medical laboratory. Personal data were
processed and stored in compliance with the Russian Fed-
eration law N 152-FZ, Personal Data, to follow confidenti-
ality standards. To ensure patient privacy, all patient data
used in this study were anonymized.

The findings were compared with previously published
data from a healthy population in Central and Northwestern
Russia. An additional comparison was carried out between
subgroups of different sexes and ages: women versus men,
and patients aged 31 to 70 versus patients aged 18 to 30.

Statistical analysis was performed with Python 3.11.
Odds Ratios with 95% confidence intervals were calculated,
Pearson ¥ and Fisher criteria tests were used for compar-
ison of proportions.

Results

In total, data of 133 patients were included in the analy-
sis, 67 males (50.4%) and 66 females (49.6%) aged 18 to
70 years (mean: 32.7; median: 31; [Q1; Q3] interquartile
range: 24; 38).

Schizophrenia, schizotypal, and delusional disorders
(F20-F29) were diagnosed in 92 patients (69.2%); affective
disorders (F30-F39) and neurotic, stress-related, and soma-
toform disorders (F40-48) in 28 (21.0%) patients; organic,
including symptomatic mental disorders (F00-09) and dis-
orders of personality and behavior in adults (F60-61), were
identified in 13 patients (9.8%). Sex and age subgroups did
not differ in median age, sex, and diagnoses distribution.
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Table 1 demonstrates the frequency of CYP2D6 alleles
in TR patients in comparison with the healthy population.
An increased frequency of the slow *3 allele was found in
TR patients as compared to the control group (4.5% vs.
1.0%, OR 4.5, p=0.003). All TR patients bearing the slow *5
allele were females, allele frequency made up 3.8% vs. 0% in
males, OR 11.6, p=0.029; no difference was found in the age
subgroups, with a trend to increased frequency of *5 allele
in patients aged 18-30 years (3.1% vs. 0.7%). A trend to-
wards a decreased frequency of the non-functional allele *6
(0.4% vs. 1.2%) and increased frequency of gain-function
*INUM allele of CYP2D6 was revealed (1.7% vs. 3.0%).

Table 2 shows the frequency of CYP2C19 alleles in TR
patients. The wild allele (*1) of CYP2C19 in the TR group
made up 61.3% and was lower than in the control group
(88.3%, OR 0.21, p<0.001) with the simultaneous increase
in the frequency of the ultrarapid allele *17 (24.4% vs.
15.4%, OR 1.78, p=0.027) with no sex and age differenc-
es between subgroups. A slight trend to the increased *17
allele frequency occurred in patients of the 31-70-year age
subgroup in comparison to the 18-30-year age subgroup
(28.3% vs. 20.3%).

Table 3 shows the frequency of CYP1A2 wild allele *1A
in TR patients was 68.5% versus 41.4% in the control group

CYP2D6, CYP2C19, and CYP1A2 in treatment resistance

(OR 3.03, p<0.001), with the simultaneous decrease in the
frequency of allele *F (30.4% vs. 58.6%, OR 0.31, p<0.001).
No sex and age differences were found.

In addition, we calculated the number of patients
bearing at least one combination of gain-function allele
(CYP2D6 *INUM, CYP2C19 *17, and CYP1A2 *1F in
smoking patients) and non-functional allele (CYP2D6 *3
and *4, CYP2C19 *2 and *3, CYP1A2 *1F (in non-smok-
ers) and *1C. A prevalence of patients bearing combina-
tions of such alleles made up 19.5% (26 of 133 patients) of
the total TR population.

Discussion

Although pharmacogenetic testing is currently available in
medical laboratories, it is not widely used in routine psy-
chiatric practice. Traditionally, choosing the optimal anti-
psychotic (AP) or antidepressant (AD) is done through a
trial-and-error process, which can be very time-consum-
ing, as the treatment response to APs and ADs should be
assessed after 4-8 weeks of drug intake.

This study demonstrated that the patients with TR to
AP and/or AD differ from the healthy population by the

Table 1. Frequency of CYP2D6 alleles in TR patients (TR group) in comparison with the healthy Russian population (Control1!)

TR subgroups by sex TR subgroups by age (years)
Control TR group
CYP2D6 allele N=580 N=266 Males Females 18-30 31-70
n (%) n (%) N=134 N=132 N=128 N=138
n (%) n (%) n (%) n (%)
*1 allele 411 (70.9%) 201 (75.6%) 103 (76.9%) 98 (74.2%) 96 (75.0%) 105 (76.1%)
OR [95% CI] 1.26 [0.9, 1.75] 0.87[0.5, 1.52] 1.06 [0.61, 1.85]

p 0.156 0.619 0.837
*3 allele 6 (1.0%) 12 (4.5%) 6 (4.5%) 6 (4.5%) 6 (4.7%) 6 (4.3%)
OR [95% CI] 4.5[1.7,12.5] 1.02 [0.32, 3.25] 0.92 [0.29, 2.93]

p 0.003 0.999 0.999
*4 allele 105 (18.1%) 39 (14.7%) 22 (16.4%) 17 (12.9%) 17 (13.3%) 22 (15.9%)
OR [95% CI] 0.77 [0.5, 1.1] 0.75 [0.38, 1.49] 1.24 [0.63, 2.46]

P 0.216 0.415 0.540
*5 allele 14 (2.4%) 5 (1.9%) 0 (0.0%) 5 (3.8%) 4(3.1%) 1(0.7%)
OR [95% CI] 0.77 [0.27, 2.17] 11.6 [0.63, 211.9] 0.23 [0.03, 2.09]

p 0.804 0.029 0.199
*6 allele 7 (1.2%) 1 (0.4%) 0 (0.0%) 1 (0.8%) 0 1 (0.7%)
OR [95% CI] 0.31 [0.04, 2.5] 3.07 [0.12, 76.05] 2.8 [0.11, 69.36]

p 0.447 0.496 0.999
*3+*4+*54%6 132 (22.8%) 57 (21.4%) 28 (20.9%) 28 (22.0%) 27 (21.1%) 30 (21.7%)
OR [95% CI] 0.92 [0.65, 1.32] 1.07 [0.60, 1.92] 1.04 [0.58, 1.87]

p 0.666 0.831 0.898
*INUM 10 (1.7%) 8 (3.0%) 3(2.2%) 5(3.8%) 5(3.9%) 3(2.2%)
OR [95% CI] 1.75 [0.68, 4.55] 1.72 [0.40, 7.35] 0.55 [0.13, 2.35]

p 0.303 0.499 0.487
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Table 2. Frequency of CYP2C19 alleles in TR patients (TR group) in comparison with the healthy Russian population (Control!120])

TR subgroups by sex TR subgroups by age (years)
Control TR group
CYP2C19 allele N=580 N=266 Males Females 18-30 31-70
n (%) n (%) N=134 N=132 N=128 N=138
n (%) n (%) n (%) n (%)

*1 allele 512 (88.3%) 163 (61.3%) 82 (61.2%) 81 (61.4%) 79 (61.7%) 84 (60.9%)
OR [95% CI] 0.21 [0.14, 0.30] 1.01 [0.62, 1.65] 0.96 [0.59, 1.57]

p <0.001 0.977 0.887
*2 allele 65 (11.2%) 37 (13.9%) 17 (12.7%) 20 (15.2%) 22 (17.2%) 15 (10.9%)
OR [95% CI] 1.28 [0.83, 1.96] 1.23[0.61, 2.47] 0.59 [0.29, 1.2]

p 0.262 0.561 0.137
*3 allele 2 (0.3%) 1 (0.4%) 0 (0.0%) 1 (0.8%) 1 (0.8%) 0 (0.0%)
OR [95% CI] 1.08 [0.1, 12.5] 3.07 [0.12, 76.05] 0.31 [0.01, 7.68]

p 0.999 0.496 0.481
*2+*3 allele 67 (11.6%) 38 (14.3%) 17 (12.7%) 21 (15.9%) 23 (18.0%) 15 (10.9%)
OR [95% CI] 1.28 [0.83, 1.96] 1.30 [0.65, 2.59] 0.56 [0.28, 1.13]

p 0.263 0.453 0.098
*17 allele 25 (15.4%)* 65 (24.4%) 35 (26.1%) 30 (22.7%) 26 (20.3%) 39 (28.3%)
OR [95% CI] 1.78 [1.07, 2.94] 0.83 [0.47, 1.45] 1.55 [0.88, 2.74]

p 0.027 0.520 0.132

*Data are presented for N=162.

Table 3. Frequency of CYP1A2 alleles in TR patients (TR group) in comparison with the healthy Russian population (Control?!-?2])

TR subgroups by sex TR subgroups by age (years)
Control TR group
CYP1A2 allele N=608 N=260 Males Females 18-30 31-70
1 (%) n (%) N=132 N=128 N=126 N=134
n (%) n (%) n (%) n (%)
*1A allele 252 (41.4%) 178 (68.5%) 91 (67.9%) 87 (67.4%) 87 (68.0%) 91 (67.4%)
OR [95% CI] 3.03 [2.22, 4.16] 0.98 [0.58, 1.64] 0.97 [0.58, 1.63]
p <0.001 0.935 0.922
*1F allele 356 (58.6%) 79 (30.4%) 40 (29.9%) 39 (30.2%) 38 (29.7%) 41 (30.4%)
OR [95% CI] 0.31 [0.23, 0.42] 1.02 [0.60, 1.73] 1.03 [0.61, 1.75]
P <0.001 0.946 0.904
*1C allele 2 (1.3%)* 3(1.2%) 1(2.2%) 2(2.3%) 1(2.3%) 4(2.2%)
OR [95% CI] 1.10 [0.18, 6.65] 1.04 [0.21, 5.25] 0.95[0.19, 4.8]
P 0.999 0.999 0.999

*Data are presented for N=158.

increased frequency of the non-functional CYP2D6 *3 al-
lele, ultrarapid (gain-function) CYP2C19 *17 allele with
the concomitant decrease of the wild allele *1; and the in-
creased frequency of the CYP1A2 *1A wild allele with a
concomitant decrease in *1F allele frequency.

All patients bearing the CYP2D6 *5 allele were females;
the allele frequency made up 3.8% vs. 0% in males (OR
11.6, p=0.029). That was the only sex difference found.

No difference was found in the age subgroups. Our pre-
vious study demonstrated both age and sex difference in

MDRI C3435T genotype frequency in TR patients to AP
and AD.[?3

During the literature review, we identified just one study
that found no difference in CYP2D6 and CYP2C19 allele
variants between Bulgarian psychiatric patients and gener-
al European population?¥); thus, we would cautiously sug-
gest that the TR patient population differs from the general
population of psychiatric patients.

It should be pointed out that the study results demon-
strated the heterogeneity of the TR patient population: a
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combination of both non-functional and gain-function
alleles that includes the patients with side effects as well
as patients with no treatment effect despite high doses of
AP and AD. A calculated number of patients with combi-
nations of non-functional and gain-function alleles in TR
patients made up 20%, which supports the idea of using
the personalized approach of PG testing for the choice of
the safest and most effective drug in the population of TR
patients.

The study results allow us to suggest that the most effec-
tive drugs in TR patients for AP and AD will be substrates
of CYP1A2, such as olanzapine, clozapine, mirtazapine,
and duloxetine!?’), as their effects would be predictable due
to the high prevalence of the wild (normal function) 1A
allele and decreased frequency of allele 1E

The presence of the non-functional CYP2D6 *3 allele
will require the use of CYP2D6 substrates (risperidone,
zuclopenthixol, fluvoxamine, imipramine, paroxetine, etc.)
in decreased doses to prevent side effects from developing.
The use of venlafaxine in patients with a decreased activi-
ty of CYP2D6 will be less effective as the formation of the
active metabolite desvenlafaxine, potent inhibitor of nor-
epinephrine reuptake, will be decreased.?®! The presence of
the CYP2C19 *17 ultrarapid allele may decrease the effica-
cy of escitalopram, citalopram, sertraline, and haloperidol
(partially).

It should be noted that AP and AD drugs are usually
metabolized by several metabolic pathways with the in-
volvement of cytochromes, which makes the choice of the
proper drug for TR patients challenging. The use of PG
testing in the psychiatric practice leads in 48.5% reduction
of treatment costs in the PG-guided arm in comparison to
the standard trial-and-error approach.?”!

However, despite the established cost-effectiveness of
PG testing, its integration into routine clinical practice re-
mains limited. This is partly due to insufficient awareness
among psychiatrists regarding its benefits, even with the
availability of relevant guidelines developed by the Clinical
Pharmacogenetics Implementation Consortium (CPIC)
and PharmGKB. Additionally, selecting the optimal med-
ication for individual patients requires an in-depth under-
standing of drug metabolism and gene-drug interactions
specific to APs and ADs. To address this gap, collaboration
with a trained clinical pharmacologist could improve deci-
sion-making by interpreting PG results within the context
of patient-specific factors.

To complement physician and clinical pharmacologist
education in PG testing implementation, we propose the
development of a therapeutic algorithm or clinical decision
support system. Such tools could integrate patient-specific
PG data, age, and sex to guide tailored treatment strategies.
The findings from this study could be used for the develop-
ment of such algorithms.

Implementing PG-guided medication selection could
enhance treatment response rates for ADs and APs, re-
duce the likelihood of adverse effects, and improve patient
compliance. PG testing thus represents a valuable tool for
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optimizing therapeutic efficacy, fostering treatment com-
pliance, and improving patients’ quality of life.

The primary limitation of this study is its relatively small
sample size. Furthermore, the generalizability of the findings
is constrained by the fact that most participants were recruit-
ed from a single city (Saint Petersburg), which may not fully
represent the broader population of western Russia. ]

Conclusions

Our study demonstrated the difference in the frequency of
CYP2D6, CYP2C19, and CYP1A2 polymorphisms, as well
as sex difference in CYP2D6 polymorphism distribution in
patients with TR to AP and/or AD in comparison to the
healthy population.

The identified difference allows us to recommend PG
testing of CYP2D6, CYP2C19, and CYP1A?2 to personal-
ize treatment selection for patients. It may improve patient
compliance, quality of medical care, and reduce the treat-
ment cost for the healthcare system.

Thus, PG-guided treatment choice may be helpful in a
psychiatric practice and favorable for the healthcare system
as it is cost-effective.
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