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Aims

To characterize the demographic and pharmacogenetic factors that influence interpa-
tient variability in the plasma concentrations of the HIV non-nucleoside reverse
transcriptase inhibitor efavirenz.

Methods

Data from all samples analyzed for efavirenz in our TDM service in 2002 and 2003
were reviewed. Information on gender, age, body weight, height, race, hormonal
contraceptive use (in a subset of patients), and time between sampling and last
intake was recorded. PCR-restriction fragment length polymorphism analysis was
performed to detect the cytochrome P450 2B6 (CYP2B6) C1459T variant (present
in CYP2B6*6 and CYP2B6*7) which is associated with low CYP2B6 activity.

Results

A total of 255 patients were included in this analysis. The median plasma efavirenz
concentration was 2.50 (interquartile range: 1.85-3.55) mg I"'. Eight patients (3.1%)
were considered to have a subtherapeutic plasma concentration (<1.0 mgI™") and
48 (18.9%) a toxic efavirenz concentration (>4.0 mg I™"). Gender, time after last
intake, and race were the only factors that were significantly related to plasma
efavirenz concentration in a multivariate analysis. No influence was observed for body
weight, hormonal contraceptive use, and the presence of the CYP2B6 C1459T
polymorphism.

Conclusions

Gender and race are important factors in determining interpatient variability in plasma
efavirenz concentrations which were unaffected by the presence of the CYP2B6
C1459T polymorphism. Physicians should be particularly alert for signs of efavirenz-
induced toxicity in females and non-Caucasian patients.
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Introduction

The HIV non-nucleoside reverse transcriptase inhibitor
(RTT) efavirenz is one of the preferred agents, combined
with two nucleoside RTIs, for the initial treatment of
patients with HIV infection [1]. Several studies have
demonstrated the potent antiviral activity of efavirenz in
this combination, leading to more than 80% of patients
having an HIV-1 viral load below the detection limit of
50 copies ml™' [2—4].

The pharmacokinetics of efavirenz are associated
with extensive protein binding (>99%), hepatic clear-
ance by cytochrome P450 (CYP) 2B6 and 3A4
enzymes, and a long elimination half-life (40-55 h) [5].
The pharmacokinetics of efavirenz are also subject to
substantial interpatient variability [6—8], the clinical rel-
evance of which translates into variable response in
HIV-infected patients. Thus, patients with low exposure
to efavirenz have an increased risk of virological failure
[6, 7, 9—11], whereas those with high exposure to the
drug suffer from adverse reactions, mostly affecting the
central nervous system [9, 12]. Based on this informa-
tion, a therapeutic range for efavirenz of 1.0-4.0 mg I
" has been recommended [13].

Given the presence of a concentration-effect relation-
ship for efavirenz and the large interpatient variability
in its pharmacokinetics, it is important to identify the
factors that influence the pharmacokinetic behaviour of
this agent. As a result, treatment with efavirenz could be
more individualized, and treatment failure, either due to
an inadequate virological response or to CNS toxicity,
can be prevented. In a preliminary analysis of patients
from our Therapeutic Drug Monitoring (TDM) service,
we found that female gender was a significant risk factor
for the development of toxic plasma efavirenz concen-
trations [14]. In the present study, we investigated poten-
tial factors associated with abnormal efavirenz plasma
concentrations in a larger number of female patients.

Methods

Patients

Patients were selected on the basis of samples that were
submitted to our national TDM service for efavirenz
from six different sites in 2002 and 2003. Only the first
sample from each patient was included to avoid poten-
tial bias from repeated sampling. Patients were receiving
the standard dose of efavirenz of 600 mg once daily.
Subjects who were suspected of nonadherence to ther-
apy (indicated by the physician on the application form)
and subjects whose samples contained no detectable
efavirenz (<0.2 mg I™") were excluded from the analysis.
Also data from samples withdrawn more than 24 h after
the last dose were omitted.

Pharmacokinetics of efavirenz I

All HIV-infected patients in the Netherlands are fol-
lowed as a national cohort by the HIV Monitoring Foun-
dation (SHM) and recruited patients gave informed
consent for this study. This protocol was approved by
all the institutional review boards of the 22 Dutch treat-
ment centres for HIV-infected patients.

Drug analysis

Plasma efavirenz concentrations were determined by a
validated high-performance liquid chromatographic
assay, as described previously [15]. The maximum intra-
and inter-day precision of the assay was 2.6% and 2.8%,
respectively. Plasma efavirenz concentrations were
defined as either subtherapeutic (<1.0 mg I™"), therapeu-
tic (1.0-4.0 mg 1I™"), or toxic (>4.0 mg1™") [13].

Genetic analysis

The CYP2B6 C1459T single nucleotide polymorphism
(SNP) was selected for genotyping because it is associ-
ated with decreased protein expression in the liver [16].
DNA was isolated from 200 pl of plasma using the
MagNA Pure LC (Roche Diagnostics GmbH, Man-
nheim, Germany). PCR-restriction fragment length
polymorphism analysis was used to detect the C1459T
variant of the CYP2B6 gene. The method employed was
a modification of the assay described previously by
Lang et al. [14] using the forward primer 5-CTGTTG
CAGTGGACATTTG-3" and the reverse primer 5’-
ATCTCACTCCTGCACTCAC-3". The absence or pres-
ence of the nucleotide change C1459T results in either
wild-type CC (WT), heterozygous variant CT, or
homozygous variant TT.

Statistical analysis

Differences in plasma efavirenz concentrations between
subgroups were compared by analysis of variance.
Univariate and multivariate regression were applied to
identify factors affecting plasma efavirenz concentra-
tions. Test results with a P value < 0.05 were considered
statistically significant.

Results

A total of 255 patients were selected from the six dif-
ferent study sites. Patient demographics are listed in
Table 1. The median plasma efavirenz concentration
was 2.50 mg I”' with an interquartile range from 1.85 to
3.55mg I"". The distribution of concentrations over the
24 h dose interval is depicted in Figure 1. Out of these
255 patients, eight (3.1%) were considered to have a
subtherapeutic concentration (<1.0mgl™") and 48
(18.9%) to have a toxic concentration (>4.0 mgl™).
Consequently, the remaining 199 subjects (78.0%) had
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Table 1
Demographic information about the study population

Parameter (unit) % of patients Median Interquartile range
Age (years) 40 33-48
Gender
Male 74.1%
Female 25.9%
Weight (kg) 72 63-80
Height (cm) 176 168-181
Body surface area (m?) 1.85 1.73-2.00
Time after intake (h) 13 12-16
EFV plasma concentration (mg ") 2.5 1.9-3.6
Race-
Caucasian 63.5%
Black 32.5%
Asian 3.9%
Oral contraceptive use n=39
Yes 20.5%
No 79.5%
CYP2B6 genotype at position 1459 n =228
C/C 82.9%
C/T 14.5%
T/T 2.6%
100 Figure 1
Plasma efavirenz concentration vs. time data from 255
patients
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a plasma efavirenz concentration within the therapeutic
range (1.04.0 mg17").

All demographic factors were entered in a univariate
regression model to search for potential relationships
with the plasma efavirenz concentration. Subsequently,
factors that were significantly associated with efavirenz
exposure were added stepwise in a multivariate analy-
sis. The results are depicted in Table 2. Gender, time
after last intake, and race were the only factors that
were significantly associated with concentration (Fig-
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ure 2). The mean plasma efavirenz concentration in
female patients was 4.0 mg 1™ compared with 2.8 mg
I"! in male patients (mean difference: 1.2 mg 1™ (95%
confidence interval (CI) 0.6, 1.8 mg1™; P < 0.001).
Three different ethnic groups were present in our study
population, namely Asians (n=10), Blacks (n=284)
and Caucasians (n=161). Taking Caucasians as the
reference group (mean value 2.8 mg1™'), mean differ-
ences (+95% CI) in plasma efavirenz concentrations
were 1.0 mg I"' (0.43, 1.6 mg I"'; P = 0.001) for Blacks,
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Table 2

Univariate and multivariate analysis of the plasma efavirenz concentration data

Univariate Multivariate
Parameter R F P value R F P value
Age 0.093 2.22 0.137
Gender 0.238 15.18 <0.001 0.287 17.65 <0.001
Body weight 0217 12.15 0.001
Body surface area 0218 10.84 0.001
Height 0.163 6.07 0.015
Time after intake of medication 0.158 6.45 0.012 0.350* 13.65* <0.001*
Race 0.183 8.80 0.003 0.389%* 11.56%* <0.001##
CYP2B6 genotype 0.132 3.99 0.047

*In addition to gender; **in addition to gender and time after intake of medication. R = regression coefficient; F = Fischer’s exact

test value.
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Figure 2
Mean (+ SD) plasma efavirenz concentrations in the various subgroups
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and 0.51 mg 1" (=0.53, 1.5 mg I"'; P = 0.34) for Asians,
respectively.

As expected, female patients had a lower average
body weight than male patients: 65.3 vs. 75.1 kg (mean
difference 9.8 kg (95% CI 6.0, 13.6; P <0.001)). The
same was true for non-Caucasians compared with Cau-
casians: 69.0 vs. 75.9 kg (mean difference 6.9 kg (95%
CI: 3.0, 10.8; P =0.001)). Thus, a lower body weight in

female and non-Caucasian patients could be an expla-
nation for the association between gender and race with
plasma efavirenz concentrations. However, in a multi-
variate analysis, body weight was no longer associated
with higher concentrations when corrected for gender,
time after intake, and race (P = 0.355).

Another possible explanation for the observed effect
of female gender on plasma efavirenz concentrations is
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the use of hormonal contraceptives in a subset of the
female subjects. We were able to obtain information on
hormonal contraceptive use in 39 of the 66 female
patients in our cohort. Eight of these were taking some
form of hormonal contraception, but its use was not
associated with higher plasma efavirenz concentrations.
An opposite trend towards higher plasma efavirenz con-
centrations was found in females who reported that they
did not use hormonal contraceptives compared with
those who did (mean values 5.0 vs. 2.7 mg I""; mean
difference: 22mgl! (95% CI -0.49, 49mgl™;
P=0.10).

To investigate a possible genetic basis for the
observed differences in plasma efavirenz concentrations
between different ethnic groups, we have evaluated the
CYP2B6 C1459T polymorphism in the 228 samples for
which DNA could be amplified. A large majority of the
patients (83%) were identified as wild type (CC) carri-
ers, whereas heterozygous (CT) and homozygous (TT)
variants were found in 15 and 2.6% of the patients,
respectively (Table 1). A difference in the frequency of
the variant allele (CT and TT combined) was observed.
Using Caucasians (frequency 22%) as the reference, this
was significantly lower in Blacks (mean difference
—13%; 95% CI -25.0, —=1.7%; P = 0.024) and in Asians
(mean difference —22%; 95% CI -29.1, —14.0%;
P <0.001). However, this genetic polymorphism was
not linked to differences in plasma efavirenz concentra-
tions. Taking the CC genotype (mean concentration
3.2mg1™") as the reference, the mean difference (95%
Cl) was —-0.81mgl"' (95% CI -1.7, 0.03mgl™;
P =0.058) for the CT genotype, and —0.88 mg 1" (95%
CI-2.8, 1.1 mg1™'; P=0.37) for the TT genotype.

Discussion
Our study is the largest interpatient comparison of the
pharmacokinetics of efavirenz. The most important
observations are the consistently higher plasma
efavirenz concentrations in female patients and non-
Caucasian patients. In a posthoc subgroup analysis,
female non-Caucasian patients had 60% higher plasma
efavirenz concentrations than male Caucasian patients.
Thus, when treating patients with efavirenz, physicians
should be aware of a higher risk for drug-induced tox-
icity in females and non-Caucasian patients [9, 12].
Far fewer patients had subtherapeutic plasma concen-
trations of efavirenz (<1.0 mg 1™") than those with toxic
concentrations (>4.0mg1™"). This may have been
caused by our exclusion criterion for nonadherent
patients (based on the opinion of the physician and/or
the absence of detectable efavirenz concentration in the
TDM sample). The inclusion of data from these samples
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would have confounded our analysis of the factors influ-
encing plasma efavirenz concentrations. Another reason
for the higher proportion of toxic plasma efavirenz con-
centrations may be selection bias by physicians in the
sending of samples for analysis. TDM of efavirenz is
recommended in the Netherlands for all patients at week
4 and 24 after starting treatment, and when there is a
suspicion of toxicity, suboptimal therapy, drug—drug
interaction, or nonadherence. Given the substantial
number of patients with toxic plasma efavirenz concen-
trations, it is important to investigate potential causative
factors.

As reported earlier in a preliminary analysis of a
smaller cohort in our TDM service [14], female patients
had a significantly higher plasma efavirenz concentra-
tion than male patients. The consequence might be an
increased risk of efavirenz-induced toxicity in female
patients. Several cohort studies have demonstrated a
1.5-1.7 fold higher risk of adverse drug reactions in
female patients using antiretroviral agents (reviewed in
[17]), although details from those using efavirenz are
not available. Recently, Spire et al. found that female
patients had a 2.2 times (95% CI 1.2, 3.8) higher risk of
discontinuing treatment with efavirenz than males [18].

An effect of ethnic group also became apparent in our
analyses, although this can partly be explained by a
higher proportion of females among non-Caucasian
(47%) compared with Caucasian patients (14%). Nev-
ertheless, this effect was significant in a multivariate
analysis when corrected for gender and time after drug
intake. Non-Caucasian females and males were found
to have higher plasma efavirenz concentrations than
their Caucasian counterparts. Pfiser et al. also observed
a lower hepatic clearance of efavirenz in a combined
group of African-Americans/Hispanics compared with
white non-Hispanics [6].

We examined several factors that could have contrib-
uted to these gender and ethnic effects. First, differences
in body weight, height, or body composition are present
between females and males, and to some extent between
races. However, body weight, height and body surface
area were not related to plasma efavirenz concentration
when corrected for gender, race and time after intake of
medication. Second, the use of hormonal contraceptives
by a subgroup of female patients may have led to inhi-
bition of the CYPB6-mediated metabolism of efavirenz,
as reported earlier for bupropion, another substrate of
this enzyme [19]. However, we could not confirm inhi-
bition of metabolism and even observed a trend towards
lower efavirenz exposure in females using hormonal
contraceptives. In addition, the Summary of Product
Characteristics of Stocrin/Sustiva® states that no effect



of a single dose of ethinyl oestradiol was observed on
the steady-state pharmacokinetics of efavirenz [20]. It
should be noted that the subgroup of female patients
using oral contraceptives was relatively small in the
present study.

The metabolism of efavirenz is predominantly cata-
lyzed by cytochrome P450 2B6 [26]. By amplification
of DNA from plasma we were able to detect the
CYP2B6 C1459T polymorphism in 17% of the subjects.
This value is comparable with those reported by other
groups, although the frequency of this polymorphism
varies among races [16, 21-24]. The presence of this
allele has been associated with low CYP2B6 protein
expression, and thus low catalytic activity in human
liver samples [14]. However, we did not observe any
relationship between this genotype and plasma efavirenz
concentration. Preliminary data from other groups sug-
gest that the presence of the G516T variant in CYP2B6
which is present in haplotypes CYP2B6*6 and
CYP2B6%*7 is associated with elevated efavirenz concen-
trations [21, 25]. Unfortunately, we were not able to
determine the G516T SNP in DNA from our patients
due to technical limitations of the genetic assay.

Differences in comedication between subjects may
cause variability in exposure to efavirenz. However,
information on comedication is usually not provided on
requests for TDM. Inhibitors of CYP450 enzymes such
as ritonavir, ketoconazole, and clarithromycin demon-
strate no or minimal effects on plasma efavirenz con-
centrations [5, 20], confirming the limited contribution
of CYP3A4 on efavirenz clearance [26].

In conclusion, this analysis of our TDM service data-
base has demonstrated a significant effect of gender
and race on plasma efavirenz concentrations, which
was independent of body composition, hormonal con-
traceptive use, or the CYP2B6 C1459T polymorphism.
Our findings indicate an increased risk of efavirenz-
induced toxicity in females and non-Caucasian
patients. Further research is needed to identify other
factors that may influence exposure to efavirenz, allow-
ing further optimization of treatment with this highly
potent drug.
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