1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

NATIG,

o
HE

s sy,
Y

10

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Eur J Clin Pharmacol. 2012 June ; 68(6): 937-942. doi:10.1007/s00228-011-1208-z.

CYP2AG6 genetic variation and dexmedetomidine disposition

Utkarsh Kohli, M.D.1, Pratik Pandharipande, M.D., M.S.C.1.2, Mordechai Muszkat, M.D.1,
Gbenga G. Sofowora, M.D.1, Eitan A. Friedman, M.D.3, Mika Scheinin, M.D., Ph.D.4, Alastair
J. J. Wood, MB., ChB.>6, E. Wesley Ely, M.D., M.P.H.”:8, Rachel F. Tyndale, Ph.D.%, Leena
Choi, Ph.D.10, C. Michael Stein, MB., ChB.11, and Daniel Kurnik, M.D.12

1Research Fellow, Departments of Medicine and Pharmacology, Division of Clinical
Pharmacology, Vanderbilt University, Nashville, TN, USA 2Associate Professor, Division of
Critical Care Medicine, Department of Anaesthesiology, Vanderbilt University, Nashville, TN, USA
SMedical Student, Departments of Medicine and Pharmacology, Division of Clinical
Pharmacology, Vanderbilt University, Nashville, TN, USA “Professor, Department of
Pharmacology, Drug Development and Therapeutics, University of Turku, and Clinical
Pharmacology, TYKSLAB, Hospital District of Southwest Finland, Turku, Finland >Professor of
Medicine and Pharmacology, Weil Cornell medical School, New York, NY, USA 6Partner,
Symphony Capital, New York, NY, USA "Professor of Medicine, Department of Medicine, and
Health Service Research, Division of Allergy, Pulmonary and Critical Care Medicine, Vanderbilt
University, Nashville, TN, USA 8Geriatric Research Education and Clinical Center (GRECC),
Veterans Affairs Tennessee Valley Health Care System, Nashville, TN, USA °Professor of
Psychiatry, Pharmacology, and Toxicology. Centre for Addiction and Mental Health and
Department of Pharmacology, University of Toronto, Toronto, Ontario, Canada °Assistant
Professor, Department of Biostatistics, Vanderbilt University, Nashville, TN, USA 1Dan May
Chair in Medicine, Departments of Medicine and Pharmacology, Division of Clinical
Pharmacology, Vanderbilt University, Nashville, TN, USA 12Adjunct Research Assistant
Professor, Departments of Medicine and Pharmacology, Division of Clinical Pharmacology,
Vanderbilt University, Nashville, TN, USA, Senior Lecturer, Institute of Clinical Pharmacology,
Sheba Medical Center, Ramat Gan, and Sackler School of Medicine, Tel Aviv University, Tel
Aviv, Israel

Abstract

Purpose—There is a large interindividual variability in dexmedetomidine dose requirements for
sedation of patients in intensive care units (ICU). Cytochrome P450 2A6 (CYP2A6) mediates an
important route of dexmedetomidine metabolism, and genetic variation in CYPZAG affects the
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clearance of other substrate drugs. We examined whether CYPZA6 genotypes affect
dexmedetomidine disposition.

Methods—In 43 critically ill ICU patients receiving dexmedetomidine infusions adjusted to
achieve the desired level of sedation, we determined a median of 5 plasma dexmedetomidine
concentrations each. Forty subjects were genotyped for five common CYPZAé6 alleles and grouped
into normal (n=33), intermediate (n=5), and slow metabolizers (n=2).

Results—Using a Bayesian hierarchical nonlinear mixture model, estimated dexmedetomidine
clearance was 49.1 L/hr (posterior mean; 95% credible interval, 41.4 to 57.6 L/hr). There were no
significant differences in dexmedetomidine clearance among normal, intermediate, and slow
CYP2A6 metabolizer groups.

Conclusion—Genetic variation in CYPZAG6 is not an important determinant of
dexmedetomidine clearance in ICU patients.
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Introduction

Dexmedetomidine (Precedex®, Abbott Laboratories, Abbott Park, IL, USA), a centrally
acting selective ap-adrenoceptor agonist, is used for sedation in intensive care units and as
an adjunct to anaesthesia during operative procedures [1]. Like other sedatives used in
current practice, there is significant interindividual variation in plasma dexmedetomidine
clearance [2, 3] and such interindividual variability in the pharmacokinetics of drugs may be
due to genetic or environmental factors. Variants of genes encoding drug metabolizing
enzymes often contribute to the observed interindividual variability in drug disposition and
responses [4-6].

There is limited information about the metabolism of dexmedetomidine. One of its
important pathways of metabolism is aliphatic hydroxylation, mediated primarily by the
enzyme cytochrome P450 2A6 (CYP2AB), to generate 3-hydroxy dexmedetomidine and
other metabolites [7]. There is significant genetic variation in CYP2A6 which contributes to
interindividual differences in the pharmacokinetics of substrate drugs such as nicotine [8—
12]; total and CYP2A6-mediated nicotine clearance is reduced by 40% and 50%,
respectively, in subjects carrying one or two loss-of-function alleles or two decreased-
function alleles [11]. The effect of genetic variants in CYP2A6 on dexmedetomidine
disposition has not been studied, and there are currently no recommendations for dose
adjustment in carriers of loss-of-function alleles [7]. The prolonged infusion of
dexmedetomidine is an increasingly popular sedative strategy in critically ill patients [13,
14], a patient group with high inter- and intraindividual variability in drug disposition. We
therefore examined whether CYP2A6 genotype is a clinically meaningful contributor to the
interindividual variability in dexmedetomidine clearance in critically ill patients receiving
therapeutic dexmedetomidine infusions in the ICU.

Materials and Methods

Subjects

We studied 43 patients in medical and surgical ICUs who received dexmedetomidine as part
of a study examining the effects of different sedatives on acute brain dysfunction in
mechanically ventilated patients [13]. The study was approved by the Institutional Review
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Boards of Vanderbilt University, Nashville, TN, and University of Toronto, Toronto,
Ontario. Subjects or surrogates of critically ill patients gave written informed consent.

Study procedures

Genotyping

All medical and surgical ICU patients at the VVanderbilt Medical Center requiring
mechanical ventilation for more than 24 hours were eligible to participate in a study which
compared the effects of sedation with dexmedetomidine or lorazepam on acute brain
dysfunction [13]. Patients were excluded if any of the following conditions were present:
neurological disease (for example, previous stroke or cerebral palsy), active seizures,
Childs-Pugh class B or C liver disease, moribund state with planned withdrawal of life
support, family or physician refusal, alcohol abuse, active myocardial ischemia, 2n%/3"
degree heart block, severe dementia, benzodiazepine dependency, pregnancy or lactation,
severe hearing disabilities, and inability to understand English. Patients in the
dexmedetomidine arm of this study were started on a dose rate of 0.15 pg kg1 hr™1, and
ICU nurses were allowed to titrate the infusion to a maximum of 1.5 ug kg™t hr™! to achieve
the sedation goal set by the patient’s medical team using the Richmond Agitation-Sedation
Scale (RASS) [15]. Dexmedetomidine was infused as needed until extubation or for the
maximum duration approved by the Food and Drug Administration for this specific study
(120 hours). Concomitant medications were recorded from the patient files. Blood for
dexmedetomidine concentrations was drawn twice daily, once in the morning and once in
the evening, though some variability occurred for logistic reasons. Details of the study
protocol are described elsewhere [13].

Genomic DNA samples from 42 patients (DNA from 1 patient was not available for
genotyping) were genotyped for CYPZA6 alleles *2, *4, *9, *12and *17. These variants
have allele frequencies > 4.0 % in Caucasians and African-Americans and are known to
affect drug metabolism [12]. Genotyping was based on previously published 2-step
polymerase chain reaction amplification assays, where the first step is CYP2A6 gene-
specific and the second step is allele-specific [16-19]. Forty (96 %) patients were
successfully genotyped for each CYP2A6 allele; DNA from two patients did not amplify in
the genotyping assays and DNA was not available from one patient. The frequency of
genotypes categorized by ethnicity is shown in Tables 1 and 2.

We grouped CYPZA6 genotypes into normal, intermediate, and slow metabolizers according
to previous studies that were based on the CYP2A6-mediated metabolism of nicotine [11,
20]. Those without any detected variant alleles, the CYP2A6 *1/*1 genotype, were defined
as normal metabolizers and assumed to have 100 % enzyme activity. Those with one allele
associated with decreased functional activity, represented by CYP2A6*1/*9and
CYP2A6%*1/*12 genotypes, were defined as intermediate metabolizers (80 % enzyme
activity), while slow metabolizers (<50 % enzyme activity) included any subject with one or
two loss-of-activity alleles (*2 and *4) [21, 22], or two alleles with decreased function (*9
and *17) [23, 24], e.g. CYP2AG6 *1/*4, *1/*2, *1/*17, *2/*2, *9/*9, *9/*17and *17/*17
[11, 20].

Plasma dexmedetomidine determination

Plasma dexmedetomidine concentrations were measured by reversed-phase high-
performance liquid chromatography with tandem mass spectrometric detection (LC-MS/MS;
SCIEX API 365 instrument, Foster City, CA, USA). The method, a modification from a
published procedure [25], is described in detail elsewhere [26]. The lower limit of
quantitation of the assay was 0.02 ng/mL. The within- and between-run precision of the
assay (coefficient of variation) was within 8 % in the relevant concentration range.
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Statistical analysis

Results

Initial population PK modeling with conventional residual error models implemented in
NONMEM [27] revealed a very poor fit due to outliers. Thus, to accommodate outliers
using a more flexible residual error model, we fitted the dexmedetomidine PK data using a
Bayesian hierarchical mixture PK model, details of which can be found in Choi et a/[28].
The benefit of this model is that outliers do not need to be arbitrarily excluded, while their
inclusion is not expected to yield significant bias. As the structural part of model, a one-
compartmental multiple infusions model [29] was chosen since a two-compartmental model
did not improve the fit. Clearance and volume of distribution were allowed to be correlated
and assumed to follow a multivariate log-normal distribution. All priors were assumed to be
flat. We fitted the model using Markov chain Monte Carlo methods implemented with
PKBugs 1.1 [30] and WinBUGS 1.4.3 [31].

The parameters of interest were the differences in logarithm of dexmedetomidine clearance
between intermediate and normal metabolizers, and between slow and normal metabolizers.
Demographic covariates such as age, sex, weight, and smoking status were considered as
potential confounding factors and included in the model. Several diagnostics for goodness-
of-fit showed that our model fit the data well. Data are presented as posterior means,
standard deviations, medians, and 95% credible intervals, which are analogues of the means,
medians and the 95% confidence intervals in the traditional (frequentist) statistical approach.

Subject Characteristics and genotypes

Tables 1 and 2 show demographic data and genotype data for the study cohort (n=43),
categorized according to ethnicity. The mean (xSD) APACHE Il and SOFA scores for these
43 subjects were 28 + 8 and 10 = 3, respectively. None of the patients received potent
inducers (e.g., dexamethasone, rifampin, barbiturates) or potent (tranylcypromine,
miconazole) or moderately strong inhibitors (e.g., ketoconazole, isoniazid, desipramine)32
concomitantly with dexmedetomidine.

CYP2AG6 genetic variants and dexmedetomidine clearance

The estimated population mean for dexmedetomidine clearance was 49.1 L/hr (posterior
mean; 95% credible interval, 41.4 to 57.6 L/hr). Figure 1 shows the posterior medians for
subject-specific clearance of dexmedetomidine according to genotype. The posterior
medians for population clearance of dexmedetomidine did not differ significantly among
normal metabolizers (48.5 L/hr; 95 % credible interval 39.8 to 58.7 L/hr; n=33),
intermediate metabolizers (56.9 L/hr; 31.6 to 94.4 L/hr; n=5) and slow metabolizers (86.2 L/
hr; 26.9 to 218.7 L/hr; n=2). To better demonstrate the clinical significance of the
differences among metabolizer groups, we calculated the credibility intervals (converted
from the log-transformed back into the original scale) for the ratios of the clearance between
intermediate and normal metabolizers (95% CI, 0.66 to 2.26) and between slow and normal
metabolizers (0.44 to 3.92). Furthermore, using these posterior probabilities, we calculated
that the probabilities of there being a =30% reduction of clearance in intermediate
metabolizers and of =50% reduction in slow metabolizers (compared to normal
metabolizers) were 3.9% and 8.6%, respectively.

Other factors affecting dexmedetomidine concentrations

Clearance of dexmedetomidine was not associated with age, sex, or smoking, but there was
evidence for a positive association of borderline statistical significance between clearance
and body weight (Table 3).
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Discussion

Little is known about the variability in dexmedetomidine disposition in critically ill patients.
CYP2AG6 contributes to dexmedetomidine metabolism via aliphatic hydroxylation, and
functional genetic variants in CYPZA6 could therefore affect dexmedetomidine clearance.
The major new finding of this study is that in the complex setting of the ICU, CYP2A6
genotype is not an important determinant of the highly variable plasma dexmedetomidine
disposition.

Dexmedetomidine is the D-enantiomer of medetomidine. Following intravenous
administration, dexmedetomidine has a rapid distribution phase and undergoes extensive
biotransformation involving direct glucuronidation and CYP2A6-mediated aliphatic
hydroxylation in the liver. Its reported clearance varies from 39.0 L/hr in healthy subjects
[7] to 48.3 L/hr in ICU patients [33], with a mean terminal elimination half-life of 2.0 hours
in healthy subjects [7] and 3.1 hours in ICU patients [33]. In our study in ICU patients, the
estimated posterior means of dexmedetomidine clearance was 49.1 L/hr (95 % credible
interval, 41.4 to 57.6 L/hr), within the expected range.

CYP2A6 s a highly polymorphic gene, and duplications, deletions, and variants resulting in
decreased enzymatic activity have been characterized [10, 11, 19]. CYP2A6 variants can
have functional effects on CYP2A6 metabolic activity and are known to affect the
disposition of another important CYP2AG6 substrate, nicotine [10-12], explaining some of
the interindividual and interethnic variability in nicotine clearance. In contrast, the role of
CYP2A6 variants in dexmedetomidine disposition has not been investigated. We therefore
examined whether common functional CYP2A6 variants [12] affect dexmedetomidine
clearance in ICU patients and found no significant association between CYP2A6
intermediate and slow metabolizer groups and dexmedetomidine clearance in these patients.
Several reasons for this should be considered.

Our cohort provided the opportunity to study patients receiving therapeutic doses of
dexmedetomidine, but this occurred in a complex clinical setting. Thus, it is possible that
any effect of CYPZA6 genotype was obscured by the many clinical variables, including
concomitant medications, which could affect dexmedetomidine disposition in these patients.
Therefore, our study does not exclude the possibility that a small effect of CYP2A6 genetic
variation might be detected in a more homogenous subject population investigated under
controlled experimental circumstances. Nevertheless, our results suggest that in the complex
clinical setting of the ICU, CYPZA6 genotype has no clinically important effect on
dexmedetomidine disposition and does not need to be accounted for.

The individual clearance estimates illustrated in Fig. 1 indicated a trend in the opposite
direction from that originally hypothesized, but these differences were not statistically
significant. Our ability to examine differences in dexmedetomidine clearance among
CYP2A6 metabolizer groups was limited by the small sample size, with only five and two
subjects having intermediate and slow metabolizer genotypes, respectively. However, based
on our data we could confidently rule out a =30% reduction of clearance in intermediate
metabolizers and of =50% reduction in slow metabolizers (compared to normal
metabolizers), an effect that is comparable in magnitude to that of the CYP2C9*3variant on
warfarin maintenance dose. We cannot confidently rule out smaller effects of genotypes on
dexmedetomidine clearance; however, considering the wide intra- and inter-patient
variability in factors potentially affecting the pharmacokinetics and pharmacodynamics of
dexmedetomidine in the ICU population, such effects — if they exist - would likely be of
only limited clinical significance.

Eur J Clin Pharmacol. Author manuscript; available in PMC 2013 June 01.
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Our data was collected in a busy real-life ICU setting and included extreme outliers that
were likely artifactual. Conventional population PK analysis yielded biased estimates. Thus,
to minimize this bias, we used a new statistical model which robustly accommodated the
artifactual outliers. Nevertheless, bias in our estimates of PK parameters cannot be ruled out
given the limitations of data inherent in the study design.

There are no precise estimates of the contribution of the CYP2A6 metabolic pathway to the
total clearance of dexmedetomidine /n vivo, although /n vitro studies suggest that it may be
smaller than that of N-glucuronidation [7]. Nevertheless, since /n vitro putative metabolic
pathways may not relate well to /n vivo drug disposition, /n vivo studies in patients most
likely to receive the drug provide valuable information. In our study, we did not determine
dexmedetomidine metabolite concentrations, and therefore our study does not provide
information on the relative contribution of aliphatic hydroxylation and glucuronidation
pathways to dexmedetomidine metabolism.

In conclusion, in the complex clinical setting of the ICU, common genetic variants in
CYP2AG6, the enzyme mediating one major route of the metabolism of dexmedetomidine,
did not have a clinically important contribution to the wide interindividual variability of
dexmedetomidine clearance. Thus, in critically ill patients, CYP2A6 genotyping appears to
be of little value for the individualization of the dexmedetomidine dosing regimen in a
particular patient.
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Posterior median of subject-specific clearance, L/hr
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Figure 1. Posterior medians of subject-specific clearance of dexmedetomidine according to
genotype in intensive care patients

Each dot represents one patient. The darker the dots, the larger the number of samples per
patient: the points with white color represent 1-2 samples/patient and black ones 15
samples/patient (see inbox legend). For intermediate and slow metabolizers, the number of
samples is also presented. For normal metabolizers, the median number of samples was 5
(range, 1 to 15) per patient. Horizontal bars represent medians for subject-specific
clearances in each metabolizer group.
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Table 1
Demographic characteristics of ICU patients
Parameter Mean + SD/n
Age (yrs) 57.1+15.0
Range 20to 85
Sex (Males/Females) 25/18
Height (m) 1.70 £ .12
Range 1.52t01.90
Weight (kg) 84.0+21.9
Range 53 to 159
CYP2A6 genotype NM/IM/SM
Total (n=40) * 33/5/2
Caucasians (n=38) 32/5/1
African-Americans (n=2) 1/0/1
Smokers/Non-smokers | 12/31
Dexmedetomidine clearance (L/hr) ** | 48.5+ 4.4 (40.31057.6)
Dexmedetomidine volume of distribution (L) ** | 76.6 £31.0 (24.4t0 141.4)

*
DNA from one subject was not available, and genotyping failed in two subjects.

Hk
Data represent posterior mean * standard deviation and the 95 % credible interval in parenthesis. The values were estimated from 43 subjects.

NM = Normal metabolizer; IM = Intermediate metabolizer; SM = Slow metabolizer.
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Table 2
CYPZAG6 genotypes
Genotype | Functional genotype group ICU Patients” (n=40) Total (%)
Whites (n=38) | Blacks (n=2)

U™ NM 32 1 33(82.5%)
1% M 5 0 5 (12.5%)
% SM 1 0 1(25%)
*/% SM 0 1 1(25%)

*
DNA from one subject was not available, and genotyping failed in two subjects

NM = Normal metabolizer; IM = Intermediate metabolizer; SM = Slow metabolizer.
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Table 3

Determinants of dexmedetomidine clearance in ICU patients

The table presents posterior means and 95 % credible intervals for the parameters from the Bayesian
hierarchical nonlinear mixture model

Parameter Posterior mean | 95 % credible interval
Smoking 0.147 -0.246 to 0.545
Weight 0.008 -0.0003 to 0.016
Age -0.002 -0.017 to 0.012
Genotype (SM vs NM) 0.321 -0.690 to 1.348
Genotype (IM vs NM) 0.139 -0.4731t00.779

The following equation takes into account the posterior means and was used to determine the subject-specific clearance.

Clj = 0.147% Smoking + 0.008x Weight - 0.002x Age + 0.321xSM + 0.139x IM, where Cljis subject specific clearance, Smoking is an indicator for
smoking status (Smoking = 1 if a subject is smoker, and Smoking = 0 for nonsmoker), Weightis body weight in kg, Ageis age in years, SMis an
indicator for slow metabolizer (SM=1 if a subject is slow metabolizer, and SM = 0 otherwise) and /M is an indicator for intermediate metabolizer
(IM =1 if a subject is intermediate metabolizer, and IM = 0 otherwise).
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