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Abstract

Background—~Efavirenz frequently causes central nervous system (CNS) symptoms. We
evaluated genetic associations with efavirenz discontinuation for CNS symptoms within 12
months of treatment initiation.

Methods—~Patients had initiated efavirenz-containing regimens at an HIV primary care clinic in
the southeastern United States, and had at least 12 months of follow-up data. Polymorphisms in
CYP2B6 and CYP2A6 defined efavirenz metabolizer categories. Genome-wide genotyping
allowed adjustment for population stratification.

Results—Among 563 evaluable patients, 99 (17.5%) discontinued efavirenz within 12 months,
29 (5.1%) for CNS symptoms. The hazard ratio (HR) for efavirenz discontinuation for CNS
symptoms in slow versus extensive metabolizers was 4.9 (95% C.1. 1.9 to 12.4; p = 0.001). This
HR in Whites was 6.5 (95% CI: 2.3 to 18.8; p = 0.001), and in Blacks was 2.6 (95% C.I. 0.5 to
14.1; p = 0.27). Considering only slow metabolizers, the HR in Whites versus Blacks was 3.1
(95% CI: 0.9to 11.0; p = 0.081). The positive predictive value of slow metabolizer genotypes for
efavirenz discontinuation was 27% in Whites and 11% in Blacks.

Conclusions—Slow metabolizer genotypes were significantly associated with efavirenz
discontinuation for reported CNS symptoms. This association was considerably stronger in Whites
than in Blacks.
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Introduction

Efavirenz is one of the most frequently prescribed antiretrovirals worldwide in first-line
regimens for human immunodeficiency virus (HIV)-1 infection. Its efficacy has been
demonstrated in multiple prospective, randomized clinical trials [1-6]. However, some
patients who initiate efavirenz experience central nervous system symptoms [7]. A
retrospective analysis of data from prospective clinical trials showed that randomization to
efavirenz-containing arms was associated with a 2-fold increased hazard of suicidality [8],
although such an association was not found in the Food and Drug Administration Adverse
Event Reporting System (FAERS) [9] or in the United States administrative claims data for
commercially and Medicaid-insured individuals [10]. In April 2015, United States
prescribing guidelines were updated to move efavirenz-containing regimens from
recommended status to an alternative option as initial therapy for HIV-1 infection [11].

Efavirenz is metabolized primarily by cytochrome P450 (CYP) 2B6 [12], with minor
metabolism by CYP2A6 [12, 13] and direct N-glucuronidation by UDP-
glucuronosyltransferase (UGT) 2B7 [14]. Three CYPZB6 single nucleotide polymorphisms
(SNPs) predict increased plasma efavirenz exposure and explain approximately 35% of
interindividual variability in plasma efavirenz exposure [15]. Of greatest impact is CYP2B6
516G—T (rs3745274) [15-20], which is more frequent among Africans than among
Caucasians [21]. A less frequent SNP, CYP2B6 983T—C (rs28399499), also predicts
increased plasma efavirenz exposure [15, 22-24] and appears to be present only with African
ancestry [21]. The per allele effect of CYP2B6983T—C on efavirenz exposure is somewhat
greater than that of 516G—T [15]. A third SNP, CYP2B6 15582C—T (rs4803419), predicts
modestly increased plasma efavirenz exposure with both Caucasian and African ancestry,
and is most frequent in Caucasians [15]. Slow metabolizer genotypes comprise either
homozygosity for CYP2B6516 T/T, homozygosity for 983 C/C, or dual heterozygosity for
516 G/T-983 C/T [15]. The above three CYPZB6 are not in linkage disequilibrium, and in
fact appear to reside on mutually exclusive haplotypes. Among CYPZ2B6 slow metabolizers,
plasma efavirenz exposure is further increased when loss-of-function CYP2A6 SNPs are
also present (e.g., —48T—G, rs28399433) [25-27] and possibly UGT2B7 (7135A—G,
rs28365062) [26, 27].

In adults, efavirenz is typically prescribed at a dose of 600 mg once daily, and higher plasma
efavirenz concentrations have been reported to correlate with increased central nervous
system symptoms [19, 24, 28-31]. Among participants from AIDS Clinical Trials Group
(ACTG) protocols 384 and A5095, CYP2ZB6 slow metabolizer genotypes were associated
with increased central nervous system adverse events among 276 White participants
(p=0.04) but not among 217 Black participants (p=0.58) [24]. In a subsequent evaluation of
all-cause (i.e., not just central nervous system-related) discontinuation of efavirenz treatment
among 272 efavirenz recipients in the Swiss HIV Cohort Study, likelihood of
discontinuation was increased in 13 individuals with a genetic risk score of 6 (calculated as
the total number of variant alleles at six loci in CYP2B6, CYP2A6and CYP3A4) [32]. The
same genetic score approach was applied to 758 participants from the International Network
for Strategic Initiatives in Global HIV Trials (INSIGHT) and the Community Programs for
Clinical Research on AIDS (CPCRA) studies, and similarly showed increased likelihood of
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treatment discontinuation among 20 individuals with a genetic risk score of 6 [33]. The latter
two studies may have been confounded by population stratification, as homozygosity for
CYP3A4rs4646437 T/T is found in approximately 72% of Africans but only 1% of
Caucasians [21]. In the Swiss HIV Cohort Study, 77% of individuals with a genetic risk
score of 6 were Black, while in INSIGHT, 65% of individuals with a score of 6 were Black
in [33]. In addition, CYP3A4rs4646437 may not predict plasma efavirenz exposure [15].

Smoking is prevalent among HIV-infected adults in the United States [34], and metabolic
pathways for nicotine and efavirenz overlap somewhat. The predominant metabolite of
nicotine, cotinine, is metabolized by CYP2AG6 [35, 36], while evidence from an animal
model suggests that nicotine administration can induce CYP2B6 expression in the brain
[37]. These shared pathways suggest that smoking status might in some way influence
pharmacogenetic associations between efavirenz and central nervous system symptoms.

The present study examined genetic associations with efavirenz discontinuation for central
nervous system symptoms among clients of a large HIV primary care clinic in the
Southeastern United States. We focused on SNPs that have been definitively associated with
efavirenz exposure, and used genome-wide genotype data to minimize confounding by
population stratification. We also assessed relationships between cigarette tobacco smoking
and efavirenz discontinuation.

Study Participants

Genotyping

Eligible participants had initiated efavirenz-containing antiretroviral therapy (ART)
regimens while receiving primary care at the Vanderbilt Comprehensive Care Clinic
(formerly the Comprehensive Care Center) in Nashville, Tennessee, had at least 12 months
of follow-up data, and had provided written informed consent and DNA for genetic research.
Clinical data were manually entered into electronic medical records by providers at the time
of patient encounter, while clinical laboratory data were automatically uploaded. Laboratory
and ART data, including medication start and stop dates, were validated by systematic chart
review. All treatment discontinuation events were reviewed and confirmed by study
investigators (PL and DWH), without knowledge of genotype results.

Beginning in March 2011, self-reported data on packs of tobacco cigarettes smoked in the
prior week were collected at every clinic visit as part of routine clinical care. We assumed
that smoking reported after March 14, 2011 reflected the period before such data were
consistently collected. We defined smokers as individuals with any cigarette smoking
reported at any clinic visit, and also stratified smoking status based on average number of
packs of cigarettes reported at each visit.

This study was approved by the Vanderbilt University Institutional Review Board.

Genotyping was done on stored DNA. Genotyping of CYP2B6983T—C (rs28399499) and
15582C—T (rs4803419) in 592 individuals was done using a custom designed, 24-SNP
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MassARRAY® iPLEX Gold (Sequenom, Inc.) assay at Vanderbilt Technologies for
Advanced Genomics (VANTAGE) essentially as described elsewhere [15]. Genotyping of
CYP2B6516G—T (rs3745274) and CYPZA6 -48T—G (rs28399433) was done by
TagMan™. Each of the four SNPs was in Hardy Weinberg equilibrium within each race/
ethnicity group (p > 0.05). Stored DNA from a total of 837 patients who had initiated either
efavirenz-containing regimens (including patients in the present association analysis) or
atazanavir-containing regimens was genotyped for 535,543 SNPs by Illumina HumanCore
Exome assay. Genotype call rates exceeded 99% on 833 samples. Laboratory personnel with
no knowledge of clinical data performed genotyping.

After the initial quality control (QC), 582 of the 592 individuals were retained for analysis.
Then two individuals in parent/offspring pairs, and one in a half-sibling pair, based on
identity by descend (IBD) coefficients, were removed from the analysis. Four individuals
with genotype efficiency of less than 75% for CYP2B6 were also removed. For sub-analyses
performed separately among Whites, Blacks and Hispanics, seven individuals for whom
self-reported race disagreed with clustering based on MDS coordinates were censored as
well as five additional individuals whose MDS coordinates fell outside the primary clusters.
At the end of the QC process, 563 individuals were included in the analysis.

Genetic variants

The four CYP2B6 and CYP2A6 SNPs were used to assign each participant to 1 of 12
metabolizer categories that are associated with progressively greater plasma efavirenz
exposure, as previously described [15, 27]. In addition, composite CYP2B6 genotypes were
collapsed into three categories as follows: extensive metabolizer genotypes
(15582CC-516GG-983TT or 15582CT-516GG-983TT); intermediate metabolizer genotypes
(15582TT-516GG-983TT, 15582CC-516GT-983TT, 15582CC-516GG-983CT,
15582CT-516GT-983TT, or 15582CT-516GG-983CT); and slow metabolizer genotypes
(15582CC-516TT-983TT, 15582CC-516GT-983CT, or 15582CC-516GG-983CC). With
slow metabolizer genotypes, the presence of CYP2A6-48GT or —48GG predicts even
greater plasma efavirenz exposure.

Multifactor dimensionality scaling

To control for possible population stratification, whole genome data were used for
multidimensional scaling (MDS) in PLINK [38]. Over 500,000 SNPs available from 582 of
the study participants, as well as 224 additional patients not in this efavirenz analysis, were
used to generate MDS coordinates. Individuals with genotyping efficiency less than 99%
were censored, as were SNPs with genotyping efficiency less than 99%, minor allele
frequencies less than 10%, and Hardy-Weinberg values greater than 0.00001. Pruning
produced a set of SNPs using a window of 50, shifting at each 5 SNPs, and removing SNPs
with linkage disequilibrium (R2) values greater than 0.2. The first two MDS coordinates
were used to generate scatter plots using R version 2.6.2, to allow comparison of self-
reported race/ancestry with genetic ancestry.
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Statistical analyses

Results

Baseline characteristics of study participants are presented as median and interquartile
ranges [IQR]. Log-rank test (chi2) was used to assess the correlation between genotype and
binomial variables. Cox proportional hazard regression model, adjusted for population
stratification based on MDS coordinates, was used to examine associations between
genotype and efavirenz discontinuation. Primary analyses considered three metabolizer
groups (slow, intermediate, and extensive). Post hoc analyses considered 12 ordinal strata of
plasma efavirenz exposure (defined by various combinations of the four CYP2B6 and
CYP2A6 SNPs). Analyses were also performed separately in subgroups stratified for self-
reported race/ethnicity, excluding individuals in whom self-reported race disagreed with
clustering based on MDS coordinates. All analyses used a 5% two-sided significance level
and were performed using Stata/IC version 10.0.

Study cohort

From 1998 to 2012, a total of 563 individuals initiated efavirenz-containing ART regimens,
had at least 12 months of follow-up data, provided DNA for genetic analysis, and had
genotype data that passed quality control. Of these individuals, 99 (17.4%) permanently
discontinued efavirenz within the first year of ART, while 464 continued to receive efavirenz
for at least 12 months. Baseline demographics of study subjects are shown in Table 1, and
generally reflect the demographics of the Vanderbilt Comprehensive Care Clinic during the
study period. Among the 563 individuals on whom MDS data were available, MDS
clustering agreed closely with self-reported race/ethnicity in 335 Whites (59.5%), 198
Blacks (35%), 25 Hispanics (4.5%), and 5 Asians (1%). Individuals who lacked ethnicity
data were classified based on MDS clustering, since such individuals did not have direct
evidence of disagreement. Scatter plots of MDS coordinates are provided in Supplemental
Figure. Concomitant nucleos(t)ide reverse transcriptase inhibitors (NRTIs) were similar
between cases and controls, with tenofovir and emtricitabine being most frequent. Of the 99
cases who discontinued efavirenz, the primary cause was central nervous system symptoms
in 29 (29.3% of discontinuations, 5.1% of all individuals), which included dizziness,
nightmares, hallucinations, insomnia and depression (Table 2). Of these 29 individuals, 20
were White and 9 were Black.

Genetic associations with efavirenz discontinuation

Among all 563 participants, adjusted hazard ratios (adjusted for two MDS coordinates) for
efavirenz discontinuation for central nervous system symptoms were 4.86 (95% CI: 1.91 to
12.39; p = 0.001) for slow and 1.09 (95% ClI: 0.44 to 2.73; p=0.84) for intermediate
metabolizers. Time to efavirenz discontinuation for central nervous system symptoms
stratified by genotype is shown in Figure 1, panel A. Among 335 Whites, unadjusted hazard
ratios for discontinuation with slow versus extensive, and with intermediate versus extensive
metabolizer genotypes were 6.50 (95% ClI: 2.25 to 18.75; p = 0.001) and 1.11 (95% CI: 0.38
to 3.20; p=0.85), respectively (Figure 1, panel B). Among 198 Blacks, unadjusted hazard
ratios with slow versus extensive, and with intermediate versus extensive metabolizer
genotypes were 2.59 (95% C.I. 0.47 to 14.13; p = 0.27) and 0.90 (95% CI: 0.15 to 5.39;
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p=0.90), respectively (Figure 1, panel C). Among the 25 Hispanics in this analysis, none
discontinued for central nervous system symptoms (data not shown).

The above analyses only considered discontinuation for central nervous system symptoms.
We repeated analyses based on all-cause efavirenz discontinuation (i.e., not just central
nervous system symptoms) within the first 12 months of ART. Among all 563 participants,
adjusted hazard ratios (adjusted for two MDS coordinates) for all-cause efavirenz
discontinuation in slow versus extensive, and in intermediate versus extensive metabolizers
were 1.69 (95% C.1. 0.96 to 2.99; p = 0.069) and 1.03 (95% C.1I. 0.66 to 1.63; p=0.87),
respectively. Among 335, Whites, unadjusted hazard ratios in slow versus extensive, and in
intermediate versus extensive metabolizers were 2.96 (95% C.I. 1.32 to 6.61; p = 0.008) and
1.22 (95% C.I. 0.66 to 2.24; p=0.52), respectively. Among 198 Blacks, unadjusted hazard
ratios in slow versus extensive, and in intermediate versus extensive metabolizers were 1.31
(95% CI: 0.58 t0 2.91; p = 0.51) and 0.89 (95% CI: 0.43 to 1.86; p=0.76), respectively.
Among the 25 Hispanics in this analysis, 5 discontinued efavirenz for skin rash, 1 for
treatment failure, and 1 for unspecified reasons.

We analyzed post hoc whether, within each CYPZB6 metabolizer group, likelihood of
efavirenz discontinuation for central nervous system symptoms differed by race. In 69 slow
metabolizers, the unadjusted hazard ratio for efavirenz discontinuation in Blacks (n = 45)
versus Whites (n = 24 was 0.33 (95% C.I. 0.09 to 1.15; p = 0.081) (Figure 1, panel D). In
221 intermediate metabolizers this hazard ratio was 0.66 (95% C.I. 0.16 to 2.63; p = 0.56),
and in 243 extensive metabolizers it was 0.81 (95% C.I. 0.17 to 3.83; p = 0.79).

The four CYP2B6and CYP2A6 SNPs in various combinations define 12 ordinal strata of
plasma efavirenz exposure. The proportion of individuals that discontinued efavirenz for
central nervous system symptoms within each stratum, among Whites and Blacks analyzed
separately, are presented in Figure 2. Among 69 CYP2B6 slow metabolizers, a subset of 11
individuals (9 Black and 2 White) were predicted to have even greater plasma efavirenz
concentrations based on heterozygosity for CYP2A6 -48GT. Of these 11 individuals, 3
(27.2%) discontinued efavirenz for central nervous system symptoms, including 2 (22.2%)
of 9 Blacks and 1 (50%) of 2 Whites.

Smoking and efavirenz discontinuation

Among the 563 evaluable study participants, smoking data were available on 453 (80%), of
whom 205 (36%) were smokers and 248 (44%) were non-smokers. Among smokers, 43
(21%) smoked less than 1 pack per week, 85 (41.5%) smoked 1 to 3.5 packs per week, and
77 (37.5%) smoked greater than 3.5 packs per week. The hazard ratio for efavirenz
discontinuation for central nervous system symptoms in smokers versus non-smokers was
1.36 (95% C.I: 0.61 to 3.04; P = 0.45). Among smokers, the hazard ratio for efavirenz
discontinuation for central nervous system symptoms in patients who smoked 1 to 3.5 packs
per week versus non-smokers was 0.84 (95% C.I: 0.29 to 2.42; P=0.75). In patients who
smoked more than 3.5 packs per week this hazard ratio was 2.25 (95% C.I: 0.89 t0 5.69; P =
0.087. Among 136 Whites who smoked greater than 3.5 packs per week, hazard ratios for
efavirenz discontinuation in slow versus extensive, and in intermediate versus extensive
metabolizers were 18.3 (95% C.I: 4.03 to 82.7; P < 0.001) and 2.33 (95% C.I: 0.52 to 10.4;
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P=0.27), respectively. Among 48 Blacks who smoked greater than 3.5 packs per week, the
hazard ratio for efavirenz discontinuation in slow versus extensive metabolizers was 2.0
(95% C.I: 0.12 to 32.0; p = 0.62). There were no efavirenz discontinuations among Blacks
who were intermediate metabolizers and who also smoked greater than 3.5 packs per week.

Positive and negative predictive values

The positive predictive value (PPV) of slow metabolizer genotypes for efavirenz
discontinuation for central nervous system symptoms was 16.1% (95% C.I. 8.0% to 27.7%).
Among 326 Whites, the PPV of slow metabolizer genotypes for efavirenz discontinuation
for central nervous system symptoms was 27.2% (95% C.lI. 10.7% to 50.2%). Among 191
Blacks, the PPV of slow metabolizer genotypes for efavirenz discontinuation for central
nervous system symptoms was 10.8% (95% C.I: 3.0% to 25.4%).

The negative predictive values (NPV) of either extensive or intermediate metabolizer
genotypes for efavirenz discontinuation for central nervous system symptoms was 95.6%
(95% C.1. 93.2% to 97.3%). Among 326 Whites, the NPV of either extensive or intermediate
metabolizer genotypes for efavirenz discontinuation for central nervous system symptoms
was 95.0% (95% C.I. 91.8% to 97.3%). Among 191 Blacks, the NPV of slow metabolizer
genotypes for efavirenz discontinuation for central nervous system symptoms was 96.1%
(95% C.1. 91.1% to 98.7%).

Discussion

Efavirenz is widely prescribed for HIV-1 infection, but central nervous system symptoms
with efavirenz are frequent. The present study showed that, among 563 patients who had
initiated efavirenz-containing regimens at an HIV primary care clinic in the Southeastern
United States, CYP2B6 slow metabolizer genotypes were significantly associated with
increased likelihood of discontinuing efavirenz for central nervous system symptoms during
the first 12 months of therapy. The association was significant in Whites (hazard ratio =
6.50, p = 0.001) but not in Blacks (hazard ratio = 2.59, p = 0.27), this despite slow
metabolizer genotypes being more frequent in Blacks. A difference by race was also
reflected in all-cause discontinuation of efavirenz, with slow metabolizer genotypes again
significantly associated with all-cause discontinuation in Whites (hazard ratio = 2.96, p =
0.008) but not in Blacks (hazard ratio = 1.31, p = 0.51). Use of genome-wide genotype data
to minimize confounding by population stratification strengthened this study.

The present study replicates an apparent difference by race that was first reported in an
analysis of data from ACTG clinical trials 384 and A5095 [24]. That analysis found a
significant association between CYPZB6 slow metabolizer genotypes and increased central
nervous system adverse events among 276 Whites (p=0.04) but not among 217 Blacks
(p=0.58). A similar difference by race was seen in a recent pharmacogenetic analysis of
suicidality involving patients who had been randomized to efavirenz-containing regimens in
ACTG protocols A5095, A5142, A5175, and A5202 [8]. In that analysis, CYP2B6I CYPZA6
loss-of-function genotypes were associated with increased suicidality among 716 Whites but
not among 589 Blacks. These three studies strongly suggest that, among patients with slow
metabolizer genotypes who are prescribed efavirenz in the United States, central nervous
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system side effects are substantially less likely to be reported among Blacks than among
Whites, this despite strong evidence that plasma efavirenz exposure is very similar among
Blacks and Whites with CYP2B6 slow metabolizer genotypes [15].

Two other analyses that examined pharmacogenetic associations with efavirenz
discontinuation used a very different analytical approach. Analyses of both the Swiss HIV
Cohort Study [32] and INSIGHT and CPCRA studies [33] derived a genetic risk score
defined as the number of variant alleles at six loci in CYP2A6, CYP2B6 and CYP3AA4.
Inclusion of CYP3A4rs4646437 in the risk score calculation may have introduced
confounding by population stratification, since rs4646437 is primarily a marker of ancestry
[21] and may not predict plasma efavirenz exposure [15]. While both cohorts were
predominantly of European ancestry, those with high genetic risk scores were predominantly
of African descent. In addition, both studied only considered all-cause discontinuation. It is
thus difficult to reconcile those two prior studies with the present study.

There are several possible explanations for the attenuated association of CYP2B6 slow
metabolizer genotypes with efavirenz discontinuation in Blacks compared to Whites. It is
possible that Blacks with central nervous system symptoms are less likely to report such
symptoms than Whites with similar symptoms, resulting in misclassification of reasons for
discontinuation. It is possible that Blacks are less likely than Whites to discontinue efavirenz
despite similar central nervous system symptoms with high plasma efavirenz exposures.
While it is possible that providers queried Blacks less than Whites regarding reasons for
discontinuing efavirenz, this is unlikely since all patients received care at a single HIV
primary care clinic where, since 1997 every ART treatment change is presented and
thoroughly discussed at a multidisciplinary Antiretroviral Therapy Conference. As noted
above, plasma efavirenz exposure is known to be very similar among Blacks and Whites
with CYP2B6 slow metabolizer genotypes [15], so differences in plasma efavirenz exposure
are unlikely to explain the attenuated genetic association with efavirenz discontinuation in
Blacks compared to Whites.

The overlapping metabolic pathways for nicotine and efavirenz prompted us to explore
whether smoking might influence pharmacogenetic associations. We found no significant
association between smoking and likelihood of efavirenz discontinuation for central nervous
system symptoms among all patients, and among Whites and Blacks analyzed separately. In
a post hoc analysis involving Whites who smoked at least 3.5 packs of tobacco cigarettes per
week, CYP2B6 slow metabolizers appeared to be at particularly high risk of discontinuing
efavirenz for central nervous system symptoms (hazard ratio = 18.26 (95% C.I: 4.03 to
82.77; P < 0.001). This association, if true, might reflect a drug-drug interaction in the brain
whereby individuals with impaired efavirenz clearance due to slow metabolizer genotypes
experience even a further reduction in efavirenz clearance in the presence of nicotine. This is
analogous to the increased plasma efavirenz exposure that occurs when CYP2B6 slow
metabolizers are prescribed isoniazid, which interferes with efavirenz metabolism by
CYP2AG6 [39-41]. Alternatively, efavirenz appears to be a partial agonist of 5-HT2A
receptors, a ligand for 5-HT2C, and inhibits serotonin reuptake transporters (SERT),
dopamine transporters (DAT), and monoamine vesicular transporters (VMAT?2) [42]. If these
interactions explain central nervous system symptoms, it is conceivable that nicotine and/or
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other molecules from tobacco affect interactions between efavirenz and these off-target
molecules that in some way increases symptoms.

Prior reports suggest that efavirenz dose reduction among individuals with slow metabolizer
genotypes would reduce central nervous system symptoms [43] and would be cost effective
[44]. The present study further supports that concept. However, the PPV of slow metabolizer
genotypes for efavirenz discontinuation for central nervous system symptoms was 27.2% in
Whites and 10.8% in Blacks, suggesting that genotype alone would not effectively identify
individuals at very high likelihood of discontinuing efavirenz for central nervous system
symptoms. Conversely, while the NPV was approximately 95% regardless of race, this does
not differ substantially from the 5% of patients overall who discontinued for central nervous
system symptoms, regardless of genotype, suggesting that genotype alone would not
effectively identify individuals at very low likelihood of discontinuing efavirenz for central
nervous system symptoms.

In summary, among patients who had initiated efavirenz-containing regimens, CYP2B6 slow
metabolizer genotypes were significantly associated with increased likelihood of
discontinuing efavirenz for central nervous system symptoms. This association was highly
significant in Whites but was markedly attenuated in Blacks. The reason for this apparent
difference by race is not known.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Timeto discontinuation of efavirenz for CNS side effects, stratified by genotype
Panel A: all participants stratified by CYP2B6 metabolizer genotype; Panel B: White

participants stratified by CYP2B6 metabolizer genotype; Panel C: Black participants
stratified by CYP2B6 metabolizer genotype; Panel D Participants with slow metabolizer
genotype, stratified by race.
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Figure 2. Proportions of patientswho discontinued efavirenz within thefirst 12 months of
therapy, stratified by composite CYP2B6/CYP2A6 genotype

Graphs represent subjects who initiated efavirenz 600 mg once daily, had no change in their
antiretroviral therapy regimen before week 48, and had HIV-1 RNA data available at both
week 0 and week 48. Panel A: Self-identified White participants. Pane/ B: Self-identified
Black participants. The 12 strata are defined by CYP2B615582C—T, 516G—T, 983T—C,
and CYP2A6-48T—G as indicated. Plasma efavirenz concentrations were not measured in
the present study. Predicted median efavirenz Cp,j, concentrations are from the study by
Holzinger et al, in which median plasma efavirenz exposure within each genotype stratum
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were very similar among Blacks and Whites [15]. Error bars represent 95% confidence
intervals by the modified Wald method. @ Indicates that the CYP246 polymorphism is
present together with any of the 3 CYP2B6 strata furthest to the right. The top of each
indicated relationships between metabolizer groups (extensive, intermediate, and slow) and
the 12 genotype categories.
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Table 1
Baseline demogr aphics of study participants

Characteristic Controls Cases All
n =464 n=99 N =563
Male, n (%) 408 (88) 78 (79) 486 (86)
Female, n (%) 56 (12) 21 (21) 77 (14)

Age in years, median (IQR)  38.1(31.8-44.7) 37.2(29.7-46.2) 37.9 (31.5-45.4)
Self-identified race/ethnicity, n (%)

White 283 (61) 49 (49.5) 332 (59)
Black 144 (31) 39 (39.5) 183 (32.5)
Hispanic 18 (4) 6 (6) 24 (4)
Asian 5(1) - 5(1)
Not reported 14 (3) 5 (5) 19 (3.5)
Concomitant NRTIs, n (%)

Tenofovir 52 (53) 243 (52) 295 (52)
Emtricitabine 50 (51) 233 (50) 283 (50)
Lamivudine 40 (40) 204 (44) 244 (43)
Zidovudine 33(33) 158 (34) 191 (34)
Abacavir 5 (5) 32 (7) 37(7)
Stavudine 2(2) 22 (5) 24 (4)
Didanosine 0(0) 7() 7()
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Primary reason for discontinuation of efavirenz®
Cause Num(tr:e; gfg;:ases Percentage
Central nervous system symptoms 29 29.3
Rash 23 23.2.
Viral drug resistance mutations 16 16.2
Non-adherence 9 9.1
Gastrointestinal side effects 6 6.1
Drug-drug interaction 2 2.0
Hypercholesterolemia 2 2.0
Other 2 2.0
Unspecified 10 10.1

a . . . . .
Based on review of provider notes in the electronic medical record.
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