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Abstract
The objective of the study was to investigate the effects of CYP2D6 activity on the efficacy and
safety of mirtazapine in patients with depressive disorders and comorbid alcohol use disorder who
received mirtazapine. The study included 109 Russian patients who received mirtazapine at a dose
0f30.0[15.0; 45.0] mg per day. Genotyping of CYP2D6*4 (1846G>A, rs3892097) was performed
using real-time polymerase chain reaction with allele-specific hybridization. The activity of
CYP2D6 was evaluated by determining the concentration of endogenous substrate of the enzyme
and its urinary metabolite — pinoline to 6-hydroxy-1,2,3,4-tetrahydro-beta-carboline ratio, using
high-performance liquid chromatography-mass spectrometry. The statistically significant
differences between the scores on HAM-D scale in patients with different genotypes were revealed
by day 16: (GG) 5.0 [3.0; 6.0], (GA) 1.5 [1.0; 3.2] (p<0.001), and for the UKU scale: (GG) 6.0
[6.0;7.0], (GA) 8.5[8.0; 10.0] (p<0.001). The calculation of correlation coefficients between

the differences in scale scores and metabolic rate showed the presence of statistically significant
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weak inverse correlation with the efficacy indicator evaluated by HAMD scale (r = -0.278,
p<0.05), but not by the UKU scale (r = 0.274, p>0.05). This study demonstrated that an increased
CYP2D6 activity reduces the efficacy of treatment with mirtazapine.

Keywords: pharmacogenomics, mirtazapine, personalized medicine, CYP2D6, pinoline.

Introduction

It is known that substance use disorders are often comorbid with other mental disorders
(Zanger et al. 2004), worsening the prognosis of the course and outcome of both diseases (Zarkin
et al. 2010). The most common comorbid diagnoses inpatients with alcohol use disorder are
affective disorders and depressive disorders (Boschloo et al. 2011). Treating these patients is a
challenge, because one disorder worsens the course of another one.

Mirtazapine is recommended for the treatment of patients with depressive disorders
(Gautam et al. 2017). At the same time, studies demonstrate that pharmacoresistance occurs in up
to 40% of patients with depressive disorder (Spear et al. 2001).

To date it is proven that CYP2D6 is encoded by the gene that evidences a high level of
polymorphism (Shen et al. 2007). It allows distinguishing four main groups of carriers of different
genetic polymorphisms depending on CYP2D6 isoenzyme activity: normal (extensive), poor,
intermediate and ultrarapid metabolizers. The most common allele variants associated with poor
metabolizer phenotype are CYP2D6*3, CYP2D6*4, CYP2D6*5, and CYP2D6*6. Ultrarapid
metabolism is typical for individuals having duplication and multiplication of the wild-type allele
variants, (CYP2D6*1)xN and (CYP2D6*2)xN. There is evidence suggesting that CYP2D6 activity
affects the individual response to some antidepressants: paroxetine (Charlier et al. 2003;
Sawamura et al. 2004; Ueda et al. 2006), fluoxetine (Shen et al. 2007; Charlier et al. 2003; Wang
et al. 2014), fluvoxamine (Zastrozhin et al. 2018), nortriptyline (Dalen et al. 2003; Lee et al. 2006),
venlafaxine (Eap et al. 2001; Fukuda et al. 2000; McAlpine et al. 2011; Nichols et al. 2009).

A replacement of guanine by adenine at position 1846 of the CYP2D6 (CYP2D6%*4,
CYP2D6 1846G>A, rs3892097) gene results in a splicing defect and decreased activity of
CYP2D6 isoenzyme, which should lead to lower rates of the isoenzyme substrate elimination from
the body (Zanger et al. 2004). Thus, carriers of the mutant allele A show reduced biotransformation
and elimination of mirtazapine (Swen et al. 2011).

Although mirtazapine is commonly used in clinical practice, currently there is no data on
correlation between the CYP2D6 genetic polymorphisms and efficacy and safety of mirtazapine
among the Russian patients. It is equally important to conduct this study in patients with alcohol
use disorder, since such patients have an increased risk of comorbid depressive disorders in
comparison with general population (Boschloo et al. 2011). Alcohol addiction can have a negative
effect on the course of depressive disorder, and conversely, depression can worsen the course of
alcohol use disorder. It emphasizes the relevance of conducting the study in this cohort of patients
(Zarkin et al. 2010). It provides effective conditions for conducting the study due to genetic profile

peculiarities in this population.
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The objective of our study was to investigate the effects of CYP2D6 activity on the efficacy

and safety of mirtazapine in patients with depressive disorders and comorbid alcohol use disorder.

Material and methods

The study included 109 male patients (average age — 36.44+9.96 years) with depressive
disorder and comorbid alcohol use disorder who underwent the inpatient treatment in Moscow
Research and Practical Centre on Addictions of the Moscow Department of Healthcare. For the
therapy of depressive disorder patients received mirtazapine in tablets (Calixta®) at a dose of 30
[15; 45] mg per day from day 5 to day 21 of the inpatient treatment course. An inclusion criterion
was 16-days mirtazapine therapy. Exclusion criteria were presence of any other psychotropic
medications in treatment regimen except mirtazapine (with the exception of Phenazepam®
(bromdihydrochlorphenylbenzodiazepine) administered during the treatment of the alcohol
withdrawal syndrome), creatinine clearance values <50 mL/min, creatinine concentration in
plasma >1.5 mg/dL (133 mmol/L), body weight less than 60 kg or greater than 100 kg, age of 75

years or more and presence of any contraindications for mirtazapine use.

Clinico-demographic characteristics of patients are presented in Table 1. Compared
samples of patients were representative due to the absence of statistically significant differences
in the studied indicators.

Venous blood samples collected in vacuum tubes VACUETTE® (Greiner Bio-One,
Austria) on the sixth day of the mirtazapine therapy were used for genotyping. The real-time
polymerase chain reaction was performed using DNA amplifiers «Dtlite» of DNA Technology
(Moscow, Russia) and CFX96 Touch Real Time System with CFX Manager software of Bio-Rad
Laboratories Inc. (USA) and sets "SNP-screen" of «Syntol» (Russia). It was used to determine
single nucleotide polymorphism (SNPs) /846G>A4 of the gene CYP2D6 (rs3892097). In every
"SNP-screen" set, two allele-specific hybridizations were used, which allowed to determine two
alleles of studied polymorphism separately on two fluorescence channels.

The activity of CYP2D6 was evaluated by determining the concentration of endogenous
substrate of the enzyme and its urinary metabolite — pinoline to 6-hydroxy-1,2,3,4-tetrahydro-beta-
carboline (6-HO-THBC) ratio, using high-performance liquid chromatography-mass spectrometry
(HPLC-MS) (Jiang et al. 2009; Sychev et al. 2016; Sychev et al. 2017; Zastrozhin et al. 2017).

To evaluate the mirtazapine efficacy several international psychometric scales were used:
The Scale of Pathological Addiction (SoPA), Penn Alcohol Craving Scale (PACS), Visual
Analogue Scale (VAS), Clinical Global Impression (CGI), Hospital Anxiety and Depression Scale
(HADS), The Hamilton Rating Scale for Depression (HAM-D), The Beck Depression Inventory
(BDI). Safety profile was evaluated using The UKU Side-Effect Rating Scale (UKU). The
specified psychometric scales reflect the clinical presentation of the depressive disorder: higher
scores indicate greater depression. Patients were examined a day before mirtazapine therapy (day
5 of the inpatient treatment course) and on days 14 and 21 of the inpatient treatment course (days
1, 9 and 16 of mirtazapine therapy). Higher score difference corresponds to greater changes in

clinical presentation and to higher efficacy of treatment.
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The research was approved by the local ethical committee of Russian Medical Academy
of Continuous Professional Education of the Ministry of Health of the Russian Federation (The
protocol No. 6 from 5/16/2017), and all patients provided written informed consent.

Statistical analysis was performed using R, a statistical programming language, through
Microsoft R Application Network (R version 3.3.2 (2016-10-31)) with the checkpoint package
installed to control the versions of the statistical packages used. The development environment
RStudio version 1.0.136 was used for programming. The normality of samples distribution was
evaluated using W-Shapiro-Wilk test and taken into account when choosing a method. The
differences were considered as statistically significant at p <0.05 (power in excess of 80 %). To
compare two independent groups Mann-Whitney U test was used, whereas for the dependent
groups we used Wilcoxon signed-rank test. To determinate the correlation between quantitative
characteristics Spearman rank correlation coefficient was calculated. Correlation coefficient (r)
from 0,3 to 0,7 means a moderate positive, though reliable between the signs; >0,7 — strong and
reliable connection, negative meaning r; was corresponded to inverse correlation. Research data
are presented as mediana and interquartile range (Me [Q1; Q3]) or, in case of normal distribution,

as the arithmetic mean and standard deviation (Mean+SD).

Results

The CYP2D6 genotyping by polymorphic marker /846G>A (rs3892097) performed in 109
patients have revealed the following:

* The number of patients with GG genotype was 81 (74.3%);

* The number of patients with GA genotype was 28 (25.7%);

* There were no patients with 44 genotype.

The distribution of genotypes corresponded to Hardy—Weinberg equilibrium in the
European population (Chiz = 2.37; p = 0.12).

The results of data analysis performed for psychometric scales and side-effect rating scale
in patients who received mirtazapine are presented in Tables 2-4.

Dynamics of changes in HAMD scores across patients with different genotypes are shown
in Figure 1. As demonstrated, at the beginning of research the compared groups were comparable
in the studied parameter: (GG) 13.0 [12.0; 14.0], (GA4) 13.0 [12.0; 13.0], p = 0.194. By day 9,
HAMD scores were statistically significantly different between the compared groups: (GG) 7.0
[6.0; 8.0], (GA) 4.0 [3.8; 5.0], p<0.001. This difference remained by day 16 also: (GG) 5.0 [3.0;
6.0], (GA) 1.5 [1.0; 3.2], p<0.001. The scores on other psychometric scales by days 9 and 16
were also statistically significantly different between the patients with different genotypes of
CYP2D6 gene by polymorphic marker /846G>A.

Dynamics of changes in the UKU scores across patients with different genotypes are
shown in Figure 2. At the beginning of research the compared groups were comparable in the
studied parameter: (GG) 1.0 [1.0; 1.0], (GA) 1.0 [1.0; 2.0], p = 0.774. By day 9, the severity of
treatment-related adverse events as assessed by the UKU scale scores was statistically
significantly different between the patients with different genotypes:(GG) 3.0 [3.0; 3.0], (GA4) 4.0
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[3.8; 5.], p<0.001. This difference increased by day 16: (GG) 6.0 [6.0; 7.0], (GA) 8.5 [8.0; 10.0],
p<0.001.

Phenotyping results can be found in Table 5. We revealed a statistical significance for the
metabolic rate indicator 6M-THBC/pinoline: GA — 0.30 [0.12; 0.51], GG —0.56 [0.16; 1.29],p =
0.001 (Figure 3).

The calculation of correlation coefficients between the differences in scale scores and
metabolic rate showed the presence of statistically significant weak inverse correlation
with the efficacy indicator evaluated by HAMD scale (r = -0.278, p < 0.05, Figure 4). There was
no correlation with the UKU scale revealed (r = 0.274, p > 0.05, Figure 5).

There were no adverse events potentially related to the medical intervention revealed.

Discussion

In the study, it was shown that the efficacy and safety profiles of mirtazapine in patients
with depressive disorders and comorbid alcohol use disorder were different across patients with
different genotypes of CYP2D6 gene by polymorphic marker /1846G>A (rs3892097). Patients
carrying GA genotypes demonstrated faster increase in the UKU scores. This indicates that patients
carrying minor allele 4 experience more severe adverse events than patients with allele 4 do. The
efficacy of mirtazapine therapy as assessed by the psychometric scales scores was higher in
patients with G4 genotype in comparison with patients carrying GG genotype.

The results of our study coincide with the data of meta-analysis of studies conducted in
European patients with recurrent depressive disorder published by the Clinical Pharmacogenetics
Implementation Consortium (Swen et al. 2011) and the results of some others studies (Kirchheiner
et al. 2004; Jiang et al. 2009; Borobia et al. 2009).

Analysing the safety profile of mirtazapine, we assume that patients carrying the minor
allele A experience the increased risk of adverse events. Most likely, it correlates with the reduced
activity of CYP2D6 isoenzyme, which leads to the reduced biotransformation and elimination
rates of mirtazapine with subsequent drug cumulation in these patients and to an increased amount
of medication reaching the receptor targets. A similar mechanism can explain the higher efficacy
of mirtazapine therapy in patients with depressive disorders.

Genotyping data are partially supported by the results of phenotyping, which takes into
account the possible deviations in CYP2D6 activity evaluated by the ratio between the
concentration of endogenous substrate (pinoline), and its urinary metabolite due to the comorbid
liver disorders. It was shown that an increase in CYP2D6 activity evaluated by the increase in
metabolic rate correlates with the reduced efficacy of mirtazapine therapy evaluated by dynamics
of changes in psychometric scales scores before and after the treatment.

Unfortunately, we could not confirm the changes in safety profile with phenotyping results,
so we cannot claim that CYP2D6 activity affects the safety of mirtazapine therapy in patients with
affective disorders comorbid with alcohol use disorder. Nevertheless, we will revert to this issue
later, when we will have the results of pharmacokinetic study (plasma levels of the mirtazapine

equilibrium  concentrations  obtained from  therapeutic = drug  monitoring) and
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pharmacotranscriptomic study (levels of the microRNA equilibrium concentrations allowing to
assess CYP2D6 activity).

The main limitation of our study is the absence of therapeutic drug monitoring results. It
allows only suggesting the changes in mirtazapine metabolic rates by the evaluation of the efficacy
and safety of therapy.

Conclusions

This study investigated the effects of CYP2D6 activity evaluated by the ratio between the
concentration of endogenous substrate (pinoline) and its urinary metabolite, 6-hydroxy-1,2,3,4-
tetrahydro-beta-carboline, on the efficacy of mirtazapine therapy. Genotyping results also showed
the differences in safety profiles across patients with different genotypes of CYP2D6 gene by
polymorphic marker /846G>A.
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Table 1. Clinico-demographic characteristics of patients

Parameter GG (N=81) GA (N =28) p*
Age, years 348+73 347+£8.9 >0.05
Body weight, kg 82.9+14.2 854+ 1534 >0.05
Height, cmcm 177.2+19.2 174.6 + 18.61 >0.05

Body mass index, kg/m? 272+34 26.9£3.6 >0.05
Mirtazapine dose, mg/day 32.5+14.3 31.8+14.1 >0.05
Alcoholic steatohepatitis, N 79 (97.5%) 26 (92.9%) >0.05

(%)
Toxic encephalopathy, N (%) 68 (84.0%) 25 (89.3%) >0.05
Toxic polyneuropathy of the 16 (19.8%) 7 (25.0%) >0.05
upper extremities, N (%)
Toxic polyneuropathy of the 7 (8.6%) 3 (10.7%) >0.05
lower extremities, N (%)

Viral hepatitis C, N (%) 4 (4.9%) 1 (3.6%) >0.05
Peptic ulcer disease, N (%) 11 (13.6%) 4 (14.3%) >0.05
Duodenal ulcer disease, N 0 (0.0%) 1 (3.6%) >0.05

(%)
Arterial hypertension, N (%) 22 (27.2%) 9 (32.1%) >0.05

Active smoking, N (%) 78 (96.3%) 27 (96.4%) >0.05

Note:

*p - p-value adjusted by the Benjamini-Hochberg procedure (based on results of the Student's t-
test for independent samples with Welch's correction for quantitative variables and the two-tailed
Fisher's exact test for qualitative data).
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Table 2. The results of psychometric scales and side-effect rating scale data analysis (scores) in

patients who used mirtazapine on the day 1 of study

Scale | GG(N=81) | GA(N=28) | p*
PACS | 7.0[6.0;7.0] 6.0 [6.0; 7.0] 0.600
VAS | 30.0[27.0; 32.0] | 30.5[29.0; 32.0] | 0.373
CGI  [3.0[3.0;3.0] 3.0 [3.0; 3.0] 0.610
HADS | 22.0 [21.0; 24.0] | 22.0 [20.0; 23.2] | 0.341
HAMD | 13.0 [12.0; 14.0] | 13.0 [12.0; 13.0] | 0.194
UKU | 1.0[1.0; 1.0] 1.0 [1.0; 2.0] 0.774

Note:

*p - p-value based on the results of Benjamini-Hochberg procedure (based on the results of

Mann-Whitney U test)

PACS - Penn Alcohol Craving Scale,

VAS - Visual Analogue Scale,

CGTI - Clinical Global Impression,

HADS - Hospital Anxiety and Depression Scale,

HAMD - Hamilton Depression Rating Scale,

UKU - Side-Effect Rating Scale.
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Table 3. The results of psychometric scales and side-effect rating scale data analysis (scores) in
patients who used mirtazapine on the day 9 of study
Scale | GG(N=81) | GA(N=28) p*
PACS | 4.0 [3.0;4.0] 2.0[2.0;2.0] | <0.001
VAS 17.0[14.0; 18.0] | 11.0[9.8; 12.0] | <0.001
CGI 2.0 [2.0; 2.0] 1.0 [1.0; 1.0] <0.001

HADS | 12.0[10.0; 14.0] | 7.5[4.0;9.2] | <0.001
HAMD | 7.0 [6.0; 8.0] 4.0[3.8;5.0] |<0.001
UKU | 3.0[3.0;3.0] 4.0[4.0;5.0] |<0.001

Note:

*p - p-value based on the results of Benjamini-Hochberg procedure (based on the results of
Mann-Whitney U test)

PACS - Penn Alcohol Craving Scale,

VAS - Visual Analogue Scale,

CGI - Clinical Global Impression,

HADS - Hospital Anxiety and Depression Scale,

HAMD - Hamilton Depression Rating Scale,
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UKU - Side-Effect Rating Scale.
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Table 4. The results of psychometric scales and side-effect rating scale data analysis (scores) in

patients who used mirtazapine on the day 16 of study

Scale | GG(N=81) | GA(N=28) | p*
PACS |2.0[2.0;3.0] |1.0[1.0;2.0] |<0.001
VAS | 11.0[9.0; 13.0] | 4.5 [2.0; 6.5] | <0.001
CGI 1.0[1.0;1.0] | 0.0[0.0; 1.0] | <0.001
HADS |8.0[6.0; 10.0] | 4.0[2.0;6.0] | <0.001
HAMD | 5.0[3.0;6.0] | 1.5[0.8;3.2] |<0.001
UKU |6.0[6.0;7.0] |8.5[8.0;10.0] | <0.001

Note:

*p - p-value based on the results of Benjamini-Hochberg procedure (based on the results of

Mann-Whitney U test)

PACS - Penn Alcohol Craving Scale,

VAS - Visual Analogue Scale,
CGI - Clinical Global Impression,

HADS - Hospital Anxiety and Depression Scale,

HAMD - Hamilton Depression Rating Scale,

UKU - Side-Effect Rating Scale.
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Table 5. Difference in concentrations of pinoline and its metabolite and the metabolic rate in

patients with different genotypes

Scale GG (N=81) GA (N=28) p*
THBC/pinoline ratio
] 0.30[0.12; 0.51] 0.71[0.42; 1.12] <0.001
(units)
Pinoline (pg/ml) 1518.02 [1237.63; 1802.74] | 1402.90 [1159.01; 1752.85] | 0.313
6M-THBC (pg/ml) 453.81 [156.77; 816.80] 966.85 [422.68; 1584.07] 0.001

Note:

*p - p-value based on the results of Benjamini-Hochberg procedure (based on the results of

Mann-Whitney U test)
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Figure 1. Dynamics of changes in HAMD scale scores across patients with different genotypes

Note:

Data are presented as Me and IQR (colored lines connect medians in different days of study)
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Figure 2. Dynamics of changes in UKU side effect rating scale scores across patients with
different genotypes

Note:

Data are presented as Me and IQR (colored lines connect medians in different days of study)
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Figure 3. Difference in the ratio of pinoline concentrations and its metabolite in patients with

Note:
Data are presented as Me and IQR

different genotypes
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Figure 4. Effects of CYP2D6 activity evaluated by the ratio between the metabolic rate 6M-
THBC/pinoline on the efficacy of therapy evaluated by the dynamics of changes in HAMD scale
scores
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Figure 5. Effects of CYP2D6 activity evaluated by the ratio between the metabolic rate 6M-
THBC/pinoline on the safety of therapy evaluated by the dynamics of changes in the UKU scale
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