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Abstract

Background: Diazepam is one of the most widely prescribed tranquilizers for the therapy of alcohol withdrawal syndrome
(AWS), which includes the symptoms of anxiety, fear, and emotional tension. However, diazepam therapy often turns out
to be ineffective, and some patients experience dose-dependent adverse drug reactions, reducing the efficacy of therapy.
Aim: The purpose of our study was to investigate the effects of CYP2C|19*17 genetic polymorphisms on the steady-state
concentration of diazepam in patients with AWS. Materials and Methods: The study was conducted on 50 Russian male
patients suffering from the AWS. For the therapy of psychomotor agitation, anxiety, fear, and emotional tension, patients
received diazepam in injections at a dosage of 30.0mg/day for 5days. Genotyping was performed by real-time polymerase
chain reaction. The efficacy and safety assessment was performed using psychometric scales and scales for assessing the
severity of adverse drug reactions. Therapeutic drug monitoring (TDM) was performed using the high-performance liquid
chromatography-mass spectrometry (HPLC-MS/MS) method. Results: Based on the results of the study, we revealed
the differences in the efficacy of therapy in patients with different CYP2C19 -806C>T genotypes: (*1/*1) —12.0 [-15.0;
-8.0], (*I/*¥17+*17/*17) =7.0 [-14.0; —=5.0], P<<.001, as well as the results of TDM: (CC) 250.70 [213.34; 308.53] ng/mL
CKI/*17+%17/%17) 89.12 [53.26; 178.07]ng/mL, P<<.00l. Conclusion: Thus, our study enrolling 50 patients with AWS,
showed the effects of CYP2CI19*17 genetic polymorphisms on the efficacy and safety rates of diazepam. Furthermore, we
revealed the statistically significant difference in the levels of plasma steady-state concentrations of diazepam in patients
carrying different genotypes.
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Introduction represent a severe alcohol withdrawal state and a serious

challenge to practitioners due to the acuity and refractoriness
of the disorder.*> The incidence rates of this state are
unknown, but patients suffering from the resistant AWS were
found to have a higher rate of intubation, longer ICU stays,

Today benzodiazepines (BZDs) are among the most widely
prescribed medicinal products in the world." They have the
largest and the best evidence base in the treatment of AWS,
and are considered the gold standard.? Currently the problem
of personalized approach to the prescription of BZDs is
poorly developed in the scientific community. The wide use
of these medications creates a misleading impression that it
does not require the personalized approach. Therefore, .
despite the high frequency of administration of BZDs, their Corre.sponfllrfg AUtho',ﬁ: i
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and a greater risk of nosocomial infections in comparison
with the patients with the AWS who response to BZDs.>¢
Meanwhile, the use of the exceedingly high doses of BZDs
in this cohort of patients may result in the occurrence of
adverse drug reactions (ADRs).” Common side effects
among all BZDs include drowsiness, lethargy, and fatigue.
At higher dosages, impaired motor coordination, dizziness,
vertigo, slurred speech, blurry vision, mood swings, and
euphoria can occur, as well as hostile or erratic behavior in
some instances.”

Today it is well known that clinical responses to BZDs
vary widely between individuals.! The studies of the pharma-
cogenetics of BZDs usually focus on the genes of cytochrome
P450 (CYP) enzymes, which are among the factors that con-
tribute to the pharmacokinetic (PK) variability of drugs.
Diazepam is mainly metabolized via CYP2C19 and CYP3A4
to its major active metabolite, desmethyldiazepam. Recent
research revealed the effect of CYP2C19 and CYP3A4 genetic
polymorphisms on the pharmacokinetics of BZDs.”"!? Studies
found that the impact of polymorphisms in CYP344 on differ-
ent BZDs metabolism have been mixed, while polymor-
phisms of CYP2CI19 appear to have an impact on the
metabolism of several BDZs.

The differences in the activity of these enzymes are genet-
ically determined. Currently there is a lack of data on the
pharmacogenetics of BZDs in patients with AWS.!* The
activity of CYP2C19 isozyme in carriers of the minor *17
allele (7) by the polymorphic marker —806C>T (rs12248560)
of gene CYP2C19 is increased. Thus, the biotransformation
of each substrate of CYP2C19, including drugs, is increased,
as well as the elimination of these substrates.'*

The results of previous studies which were conducted by
our research group and focused on investigation of the
CYP2D6" and CYP3A45'® genetic polymorphisms confirm
the importance, relevance and possibility to investigate the
personalized approach to the prescription of BZDs (and spe-
cifically diazepam) in such cohort of patients. The objective
of our study was to investigate the effect of CYP2C19*17
genetic polymorphisms on the steady-state concentration of
diazepam as well as its impact on the efficacy and safety
rates of therapy in patients with AWS.

Materials and Methods

Clinical Characteristics of Patients

The study included 50 male patients (average age—
42.6 £10.3 years). Inclusion criteria were the diagnosis of
“Mental and behavioral disorders due to use of alcohol.
Withdrawal state, uncomplicated” (F10.30, according to
ICD-10); written informed consent obtained from the patient;
an initial phase of AWS (abstinence from alcohol for at least
8hours, but no longer than 48 hours prior to the inclusion in
study); presence of anxiety, fear or emotional tension in
the clinical presentation of the patient; Clinical Institute

Withdrawal Assessment for Alcohol scale (CIWA-Ar) score
more than 10; and 5-days diazepam therapy. Exclusion crite-
ria were presence of any other mental disorders or severe
somatic disorders (except chronical alcoholic hepatitis and
toxic encephalopathy); presence of any other psychotropic
medications in treatment regimen except diazepam; creati-
nine clearance values <50 mL/min, creatinine concentration
in plasma =1.5mg/dL (133 mmol/L); body weight <60kg
or >100kg; age of 75years or more, and presence of any
contraindications for diazepam use.

For the therapy of anxiety, fear, and emotional tension in
the clinical presentation of AWS, patients received diazepam
in intramuscular injections at a dose of 10.0 mg three times a
day at equal intervals of 8 hours (30.0 mg per day).

Local Ethical Committee

The research was approved by the local ethical committee of
the Moscow Research and Practical Centre on Addictions of
the Moscow Department of Healthcare (The protocol No. 08
from February 18, 2016).

Therapy Efficacy and Safety Evaluation

To evaluate the diazepam efficacy, several international
well-validated psychometric scales were used: Clinical
Institute  Withdrawal Assessment for Alcohol scale
(CIWA-Ar)!” and Visual Analogue Scale (VAS). The safety
profile was evaluated using The UKU Side-Effect Rating
Scale (UKU).!® Patients were examined on days 1 and 5 of
diazepam therapy.

Genotyping

Venous blood samples collected in vacuum tubes
VACUETTE® (Greiner Bio-One, Austria) on the fifth day of
diazepam therapy were used for genotyping. The real-time
polymerase chain reaction was performed using DNA ampli-
fiers “Dtlite” of DNA Technology (Moscow, Russia), CFX96
Touch Real Time System with CFX Manager software of
Bio-Rad Laboratories Inc. (Hercules, CA, USA) and sets
“SNP-screen” of “Syntol” (Moscow, Russia). It was used to
determine the single nucleotide polymorphisms (SNP’s)
681G>A ofthe gene CYP2C19%*2 (rs4244285) and —806C>T
of the gene CYP2C19*17 (rs12248560). In every “SNP-
screen” set, two allele-specific hybridizations were used,
which allowed determining two alleles of studied polymor-
phism separately on two fluorescence channels.

Therapeutic Drug Monitoring

For the therapeutic drug monitoring, venous blood samples
were collected on the day 5 of diazepam therapy (by morning
before the drugs injection). The plasma calibration standards
(St) and quality control samples (QC) were made from a
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stock solution prepared by consistent dissolving of substan-
tial amounts in methanol with subsequent dilution to the rel-
evant concentrations. Calibration curve was created using 5,
10, 20, 50, 100, 200, 500, 1000, 2000 ng/mL calibration stan-
dards along with 5ng/mL (LLOQ), 15ng/mL (Low QC),
1000ng/mL (Medium QC), and 1500ng/mL (High QC)
quality control samples (QC). Diazepam (250 ng/mL in ace-
tonitrile) was used as the internal standard.

Sample preparation. Samples were prepared using a protein
precipitation method. A 1.5 mL tube was filled with 0.200 mL
of analyzed plasma sample and 600 uL of acetonitrile con-
taining the internal standard. The mixture was shaken on
Vortex for 10 minutes, and then samples were centrifuged at
14500 g for 10minutes at 4°C. Then the supernatant was
transferred to an autosampler vial. Samples were analyzed
using the HPLC system Agilent 1260 (Agilent Technologies,
CA, USA) and tandem mass selective detector Agilent 6460
(Agilent Technologies, CA, USA) with Jet Stream Electro-
spray lonization Source.

Conditions of chromatographic analysis. Stationary phase:
column Agilent Poroshell 120 EC-C18 (2.7 um, 3.0 mm,
50mm) with the precolumn InfinityLab Poroshell 120
EC-C18 (2.7 um, 3.0mm, 5.0 mm; Agilent Technologies,
CA, USA). The column temperature was 50°C. The mobile
phase consisted of the A eluent (10 mM ammonium for-
mate in 0.1% formic acid) and B eluent (methanol in 0.1%
formic acid). The flow rate was 0.4 mL/min. The gradient
elution process was performed. The analysis time was
9.0 minutes for every sample. The volume of the inserted
sample was 0.002 mL. Retention time under the given con-
ditions was 4.75min for diazepam and 4.84 min for the
internal standard.

Conditions of mass-spectrometry determination. We used posi-
tive mode electrospray ionization for mass-selective detec-
tion. Detector registered following MRM-transitions: from
349.0m/z [MH+] to 206.1 m/z (collision cell energy 40V)
and from 349.0m/z [MH+] to 184.0m/z (collision cell
energy 32V) for diazepam; from 285.1m/z [MH+] to
193.1m/z (collision cell energy 32V) and from 285.1m/z
[MH+] to 154.1m/z (collision cell energy 24V) for the
internal standard. The voltage on fragmentor for diazepam
and internal standard was 156V and 166V, respectively. The
voltage on capillary was 3.5kV, the temperature of desiccant
gas was 350°C, nitrogen flow was 6000 mL/min. Nebulizers
pressure was 45psi, sheath gas temperature was 375°C,
sheath gas flow was 11 L/min.

Method validation. The methodology used in the study met
FDA Guidance for Industry: Bioanalytical method valida-
tion.!2% Calibration dependence was linear for diapason at
0.5 to 200ng/mL. Correlation coefficients were normal (at
least 0.99). We evaluated the intra- and inter-cycles precision

Table 1. Changes in the Psychometric Scales and Side-Effect
Rating Scale Scores in Patients With Different Genotypes by
Polymorphic Marker —806C>T (rs12248560) From Day | to Day
5 of the Inpatient Treatment.

Scale cc CT+TT P
CIWA-Ar  -12.0[-15.0;-80] ~-7.0[-14.0;-5.0] <.00l
VAS -8.5 [7.0; 10.0] -6.0 [5.0; 9.0] <.001
UKU 8.0 [6.0; 12.0] 6.0 [6.0; 12.0] <.001

Note. P—obtained in Benjamini-Hochberg multiple testing correction
(based on the results of Mann—Whitney U-test). CIWA-Ar =Clinical
Institute Withdrawal Assessment for Alcohol scale; VAS = Visual Analogue
Scale; UKU =The UKU Side-Effect Rating Scale.

and accuracy rates. Precision and accuracy rates were normal
(no more than 20% at LLOQ, no more than 15% for other
points). The matrix effect had no influence.

Statistical Analysis

Statistical analysis of the results was performed with non-
parametric methods using the Statsoft Statistica v. 10.0 (Dell
Statistica, Tulsa, OK, USA). The normality of samples distri-
bution was evaluated using W-Shapiro—Wilk test and taken
into account when choosing a method. The differences were
considered statistically significant at P<<.05 (power in
excess of 80%). To compare two independent groups Mann—
Whitney U-test was used with Benjamini—-Hochberg multi-
ple testing correction. To determine the correlation between
quantitative characteristics Spearman rank correlation coef-
ficient (r¢) was calculated. Calculation of sample size using
“pwr” package. A power analysis showed that 45 patients are
sufficient to minimize type 2 errors (<0.2). Research data
are presented as the median and interquartile range (Me [Q1;
Q3]) or, in case of a normal distribution, as the arithmetic
mean and standard deviation (Mean £ SD).

Results

The CYP2C19 genotyping by polymorphic marker —806C>T
(rs12248560) performed in 50 patients have revealed the fol-
lowing: the number of patients with *1/*1 (CC) genotype
accounted for 30 (60%), *1/*17 (CT) - 16 (32%), *17/*17
(TT) - 4 (8%).

The distribution of genotypes corresponded to Hardy—
Weinberg equilibrium for the European population (y2=0.75,
P-value=.38).

The results of data analysis performed for psychometric
scales (CIWA-Ar, VAS) and side-effect rating scale (UKU)
in patients who received diazepam are presented in Table 1.

Changes in CIWA-Ar scale scores across patients with
different genotypes by polymorphic marker —806C>T
(rs12248560) are shown in Figure 1. The severity of AWS (as
evaluated by the difference in CIWA-Ar scores before the ther-
apy and after it) differ between the different genotypes groups:
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Figure |. Changes in the CIWA-Ar scores across patients

with different genotypes by polymorphic marker —806C>T
(rs12248560).

Note. CIWA-Ar = Clinical Institute Withdrawal Assessment for Alcohol
scale used to evaluate the efficacy of therapy; UKU=The UKU Side-Effect
Rating Scale used to evaluate the safety of therapy.
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Figure 2. Changes in the UKU scores across patients

with different genotypes by polymorphic marker —806C>T
(rs12248560).

Note. CIWA-Ar = Clinical Institute Withdrawal Assessment for Alcohol
scale used to evaluate the efficacy of therapy; UKU=The UKU Side-Effect
Rating Scale used to evaluate the safety of therapy.

(CC) —12.0 [-15.0; —8.0], (CT+TT) —7.0 [-14.0; —5.0],
P <.001. Changes in the UKU scores across patients are shown
in Figure 2. The severity of ADRs (as evaluated by the differ-
ence in UKU scores before the therapy and after it) was differ-
ent between the patients with different genotypes: (CC) 8.0
[6.0; 12.0], (CT+TT) 6.0 [6.0; 12.0], P<<.001.

We revealed a statistically significant difference in plasma
steady-state concentration of diazepam across patients with
different genotypes: (CC) 250.70 [213.34; 308.53], (CT+1TT)
89.12 [53.26; 178.07], P<.001 (Figure 3).
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Figure 3. Differences in plasma steady-state concentrations of
diazepam in patients with different genotypes.

Discussion

The results revealed the difference between the efficacy and
safety profiles of diazepam in patients with AWS carrying
different genotypes of the CYP2C19 gene by polymorphic
marker —806C>T (rs12248560).

Patients carrying the C7 and 77T genotypes showed a
slower increase in the UKU scale scores, which demonstrate
a lower risk of ADR occurrence than the CC genotype carri-
ers. This could be due to the enhanced activity of the
CYP2C19 isoenzyme in patients carrying the minor allele
T by polymorphic marker —806C>T (rs12248560) of the
CYP2C19 gene. The increased activity of the CYP2C19 iso-
enzyme leads to the enhanced biotransformation rates of diaz-
epam, which in turn leads to a decrease in plasma concentration
of the drug and to a reduced risk of undesirable side effects.

The efficacy of diazepam therapy (as evaluated by the
psychometric scales) was also different depending on AWS
patients’ genotypes: the difference in CIWA-Ar scores before
the therapy and after it was higher in patients with the CC
genotype in comparison with those who carried the C7 and
TT genotypes. This is presumably related to the enhanced
CYP2C19 isoenzyme activity in patients carrying the CT and
TT genotypes. This, in turn, leads to the increased biotrans-
formation rates of diazepam, a decrease in concentration
rates of the drug in plasma and the less pronounced effect of
the medication.

Therapeutic drug monitoring revealed that carriers of the
wild-type genotype have a higher level of plasma diazepam
concentrations, which is probably due to the increased diaz-
epam biotransformation in the carriers of the minor allele 7.

Thus, based on the study results, one would assume that
those patients who carry the CT and 77 genotypes, have a
higher risk of the decreased therapeutic effect of diazepam,
which leads to persistence of the anxiety, fear, and emotional
tension. To reduce this risk, such cohort of patients requires
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the prescription of medications, which are not metabolized by
CYP2C19, or administration of higher doses of diazepam,
which will compensate for the accelerated elimination of the
drug and maintain the level of its steady-state concentration
within the therapeutic window. This can positively affect the
profile of the overall therapy efficacy, which will increase
compliance. Furthermore, it is possible that the carriers of the
minor nonmutant genotype by polymorphic marker —806C>T
(rs12248560) of CYP2C19 gene have a higher risk of ADRs,
such as drowsiness, lethargy, fatigue, impaired motor coordi-
nation, dizziness, vertigo, slurred speech, and blurry vision.

Overall, pharmacogenomic testing can be beneficial to
optimize diazepam treatment outcomes for the patients with
AWS by avoiding ADRs and maximizing efficacy.

Conclusion

The study conducted in 50 patients with AWS revealed the
correlation between the CYP2C[9*17 genetic polymor-
phisms and the efficacy and safety of diazepam. Furthermore,
a statistically significant difference in plasma steady-state
concentrations of diazepam was revealed.
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