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CYP2B6 18492T¡C Polymorphism Compromises Efavirenz
Concentration in Coinfected HIV and Tuberculosis Patients Carrying
CYP2B6 Haplotype *1/*1

Weerawat Manosuthi,a Chonlaphat Sukasem,b Supeda Thongyen,a Samruay Nilkamhang,a Sukanya Manosuthi,a

Somnuek Sungkanuparphb

Bamrasnaradura Infectious Diseases Institute, Ministry of Public Health, Nonthaburi, Thailanda; Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Bangkok,
Thailandb

Data regarding the effect of the CYP2B6 18492T¡C polymorphism on plasma efavirenz concentrations and 96-week virologic
responses in patients coinfected with HIV and tuberculosis (TB) are still unavailable. A total of 139 antiretroviral-naive HIV-
infected adults with active TB were prospectively enrolled to receive efavirenz 600 mg-tenofovir 300 mg-lamivudine 300 mg.
Eight single nucleotide polymorphisms (SNPs) within CYP2B6 were genotyped. Seven SNPs, including 64C¡T, 499C¡G,
516G¡T, 785A¡G, 1375A¡G, 1459C¡T, and 21563C¡T, were included for CYP2B6 haplotype determination. The CYP2B6
18492T¡C polymorphism was studied in 48 patients who carried haplotype *1/*1. At 12 and 24 weeks after antiretroviral ther-
apy, plasma efavirenz concentrations at 12 h after dosing were measured. Plasma HIV RNA was monitored every 12 weeks for 96
weeks. Of 48 patients {body weight [mean � standard deviation (SD)], 56 � 10 kg}, 77% received a rifampin-containing anti-TB
regimen. No drug resistance-associated mutation was detected at baseline. The frequencies of the wild type (18492TT) and the
heterozygous (18492TC) and homozygous (18492CC) mutants of the CYP2B6 18492T¡C polymorphism were 39%, 42%, and
19%, respectively. At 12 weeks, mean (�SD) efavirenz concentrations of patients who carried the 18492TT, 18492TC, and
18492CC mutants were 2.8 � 1.6, 1.7 � 0.9, and 1.4 � 0.5 mg/liter, respectively (P � 0.005). At 24 weeks, the efavirenz concen-
trations of the corresponding groups were 2.4 � 0.8, 1.7 � 0.8, and 1.2 � 0.4 mg/liter, respectively (P � 0.003). A low efavirenz
concentration was independently associated with 18492T¡C (� � �0.937, P � 0.004) and high body weight (� � �0.032, P �
0.046). At 96 weeks, 19%, 17%, and 28% of patients carrying the 18492TT, 18492TC, and 18492CC mutants, respectively, had
plasma HIV RNA levels of >40 copies/ml and developed efavirenz-associated mutations (P � 0.254). In summary, the CYP2B6
18492T¡C polymorphism compromises efavirenz concentrations in patients who carry CYP2B6 haplotype *1/*1 and are coin-
fected with HIV and tuberculosis.

Efavirenz has been recommended as the preferred option of
nonnucleoside reverse transcriptase inhibitor (NNRTI) when

combined with two other nucleoside reverse transcriptase inhibi-
tors for first-line antiretroviral regimens (1). This drug is primar-
ily metabolized by the hepatic cytochrome P450 2B6 (CYP2B6)
enzyme into 8-hydroxy-efavirenz, and the remaining amount
is metabolized via accessory pathways involving CYP2A6,
CYP3A4/5, and UGT2B7 (2–4). In contrast, rifamycin is a crucial
component in the treatment of tuberculosis (TB). Rifampin is a
strong hepatic cytochrome P450 inducer, resulting in a marked
reduction of exposure for several antiretroviral drugs, including
efavirenz, but in a lesser magnitude (5). Previous studies demon-
strated favorable outcomes in patients coinfected with HIV and
tuberculosis and treated with efavirenz-based antiretroviral ther-
apy (ART) who had concurrently received rifampin (6–9). Many
current HIV treatment guidelines recommend efavirenz-based
ART for patients who are receiving rifampin (1, 10, 11).

Nonetheless, concerns persist regarding the variation in plasma
efavirenz concentrations in such patients. Polymorphisms in
CYP2B6, resulting from a nucleotide substitution at some positions,
are associated with a lower rate of efavirenz metabolism and lead to
high efavirenz exposure. Many studies have reported a relationship
between the CYP2B6 516G¡T variant and an increased efavirenz
concentration in plasma and intracellular compartments, as well as a
higher risk of neuropsychiatric adverse events (12). Conversely, vari-
able activity of cytochrome P450 may result in increased drug clear-

ance and may lead to a suboptimal efavirenz concentration (12). Fur-
thermore, HIV/tuberculosis-coinfected patients may be greatly
impacted by this particular effect while taking rifampin. Resistant
HIV quasispecies can rapidly emerge during periods of suboptimal
antiretroviral drug concentrations (13–15). However, data regarding
pharmacogenetic markers correlated with suboptimal antiretroviral
drug concentrations, and data on long-term clinical treatment out-
comes are limited. Therefore, this study was aimed to investigate the
CYP2B6 18492T-to-C (CYP2B6 18492T¡C) substitutions that are
associated with plasma efavirenz concentrations, as well as 96-week
virologic responses in patients coinfected with HIV and tuberculosis.

MATERIALS AND METHODS
This study was a prospective open-label trial to evaluate the frequency of
CYP2B6 single nucleotide polymorphisms (SNPs) and haplotypes in 139
adult Thai patients coinfected with HIV and tuberculosis at the Bamras-
naradura Infectious Diseases Institute, Ministry of Public Health, Non-
thaburi, Thailand (16). The institutional ethics committees of the Bam-
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rasnaradura Infectious Diseases Institute and the Thai Ministry of Public
Health approved the study. All participating patients provided written
informed consent. The period of enrollment was October 2009 to May
2011. The patients were followed for 96 weeks after the initiation of ART
to examine (i) the pharmacogenetic markers of CYP2B6 and biological
factors which were associated with low plasma efavirenz concentrations at
week 12 while they were receiving a rifampin-containing anti-TB regimen
and at week �24 when the anti-TB regimen had already been discontin-
ued for at least 4 weeks and (ii) immunologic and virologic responses at 96
weeks after ART initiation. Patient adherence to the regimens was mea-
sured by self-reports and questionnaires.

Inclusion criteria were (i) HIV-infected patients 18 to 60 years of age,
(ii) newly clinically diagnosed active tuberculosis, positive acid-fast stain-
ing, or a positive culture for Mycobacterium tuberculosis, (iii) treatment
with an antituberculous regimen 4 to 12 weeks prior to enrollment, and
(iv) no previous ART. All patients were started on a once-daily antiretro-
viral regimen of efavirenz 600 mg combined with tenofovir 300 mg and
lamivudine 300 mg at bedtime. ART was initiated between 4 and 12 weeks
after the initiation of tuberculosis treatment. The dosage of rifampin was
450 mg/day for patients with a body weight of �50 kg or 600 mg/day for
those with a body weight of �50 kg. The standard antituberculosis regi-
men was isoniazid, rifampin, pyrazinamide, and ethambutol for the first 2
months. Based on the clinical and microbiological responses of the pa-
tients, isoniazid and rifampin were continued for 4 to 7 months. For
patients who initially could not tolerate rifampin due to adverse effects or
hypersensitivity and who received other antituberculosis regimens that
excluded rifampin, the period of treatment was extended to 9 to 12
months. The patients had follow-up visits at 2 weeks, 6 weeks, and 12
weeks and every 12 weeks thereafter, at which times they were assessed
clinically and/or had blood samples taken. Genotypic resistance testing
(TRUGENE HIV-1 genotyping assay; Visible Genetics Inc., Toronto,
Canada) was performed at week 0 and after the patient was documented
to have virologic failure.

At week 0, DNA was isolated from the EDTA cell pellets using
the QIAamp DNA blood minikit (Qiagen, Hilden, Germany). Genomic
DNA was quantified by a NanoDrop UV spectrophotometer ND-1000 at
260 nm (NanoDrop Technologies, Wilmington, DE). A total of eight
SNPs within CYP2B6 were genotyped. Seven of them, including 64C¡T,
499C¡G, 516G¡T, 785A¡G, 1375A¡G, 1459C¡T, and 21563C¡T,
were included for CYP2B6 haplotype determination. Haplotype
determination was interpreted using the Human Cytochrome P450
(CYP) Allele Nomenclature Database (http://www.cypalleles.ki.se/cyp2b
6.htm). CYP2B6 haplotype *1/*1 was defined as no heterozygous or ho-
mozygous mutation in seven SNPs. SNPs 516G¡T and 785A¡G were
reported to influence plasma efavirenz concentrations (17), and the
CYP2B6 SNP 21563C¡T polymorphism was identified using the Inter-
national Haplotype Mapping Project (HapMap) (http://www.hapmap
.org), which included Japanese and Han Chinese subjects. SNP 499C¡G
was associated with high plasma efavirenz concentrations in Japanese sub-
jects, and the remaining three SNPs, i.e., 64C¡T, 1375A¡G, and
1459C¡T, were reported in Chinese subjects (18). The CYP2B6
18492T¡C SNP was identified using HapMap (www.hapmap.org) data
on Japanese and Han Chinese populations with an r2 value of �0.8 (19).
SNPs were genotyped at the Laboratory for Pharmacogenomics and Per-
sonalized Medicine, Ramathibodi Hospital, Mahidol University. To de-
termine efavirenz concentrations, fasting plasma samples were collected
12 h after receiving ART and were tested using a validated high-perfor-
mance liquid chromatography assay at 12 weeks after ART initiation while
receiving antituberculosis treatment and at �24 weeks following the dis-
continuation of antituberculosis treatment. All patients were instructed to
strictly adhere to their medications for at least 2 weeks prior to measure-
ment of their plasma efavirenz concentrations. This assay was developed
at the Department of Clinical Pharmacology at the University Medical
Centre, Nijmegen, The Netherlands. CD4 cell counts were assessed by
flow cytometry and plasma HIV-1 RNA levels were assessed by real-time

PCR at baseline and every 12 weeks thereafter for a total of 96 weeks.
Virologic failure was defined as the inability to achieve or maintain sup-
pression of viral replication at �40 copies/ml after 24 weeks of ART or
having a detectable HIV RNA level of �200 copies/ml after virologic
suppression.

Frequencies (%) and medians (interquartile ranges [IQRs] at the 25th
and 75th percentiles) were used to describe the clinical and laboratory
parameters (Table 1). All possible risk factors associated with a low plasma
efavirenz concentration and virologic failure at 96 weeks were evaluated
with a linear regression model and a binary logistic regression model by
adjusting for confounding factors, respectively. Any factors with a P value
of �0.05 were included in the multivariate regression model. A P value of
�0.05 was considered statistically significant. The � value and its 95%
confidence interval (CI) were estimated. The interpatient variability of
plasma efavirenz concentrations was expressed as a coefficient of variation
(CV). Genotype distributions were tested for Hardy-Weinberg equilib-
rium using exact tests. All analyses were performed using SPSS version
15.0 (SPSS, Inc., Chicago, IL, USA).

RESULTS

Of 139 patients coinfected with HIV and tuberculosis, CYP2B6
haplotype *1/*1 was identified in 48 patients. Table 1 shows the
clinical characteristics, laboratory parameters, and pharmacoge-
netic parameters of the 48 patients. The mean (� standard devi-
ation [SD]) body weight of the patients was 56 � 10 kg, and 77%
had received a rifampin-containing anti-TB regimen. None of the
patients had resistance-associated mutations to the study antiret-
roviral drugs prior to ART initiation. The frequencies of the wild
type and the heterozygous and homozygous mutants of the
CYP2B6 18492T¡C polymorphism were 39%, 42%, and 19%,
respectively. Figure 1 displays scatter plots of plasma efavirenz
concentrations by the 18492T¡C SNP. At 12 weeks, interpatient

TABLE 1 Clinical characteristics, laboratory parameters, and
pharmacogenetic parameters of patientsa coinfected with HIV and
tuberculosis

Parameter Valueb

Demographics
Male 37 (77)
Age (yr) 38 � 8
Body wt (kg) 56 � 10
Patients on rifampin-containing

antituberculosis regimen
37 (77)

Laboratory data
CD4 cells (cells/mm3) 41 (14–132)
% of CD4 cells 6 (2–12)
Log plasma HIV RNA (log copies/ml) 5.7 (5.3–6.1)
Hemoglobin (g/dl) 10.6 (9.2–12.2)
Serum alkaline phosphatase (mg/dl) 110 (71–191)
Aspartate aminotransferase (U/liter) 35 (26–46)
Alanine aminotransferase (U/liter) 24 (18–41)
Albumin (mg/dl) 3.4 (2.9–3.9)
Hepatitis B virus antigen positive 3 (6)
Hepatitis C antibody positive 4 (8)

Pharmacogenetic data
18492T¡C SNP

TT 19 (39)
TC 20 (42)
CC 9 (19)

a n � 48.
b The data shown are no. (%), mean � SD, or median (IQR).
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variations in plasma efavirenz concentrations of the correspond-
ing patients who carried the 18492TT, 18492TC, and 18492CC
mutants were 57%, 53%, and 36%, respectively. Mean (�SD)
plasma efavirenz concentrations of the corresponding patients
were 2.8 � 1.6, 1.7 � 0.9, and 1.4 � 0.5 mg/liter, respectively (P �
0.005). The proportions of patients who had efavirenz concentra-
tions of �1 mg/liter were 0%, 15%, and 11%, respectively. At 24
weeks, the interpatient variations in plasma efavirenz concentra-
tions of patients who carried the 18492TT, 18492TC, and
18492CC mutants were 33%, 47%, and 33%, respectively. The
plasma efavirenz concentrations of patients who carried the
18492TT, 18492TC, and 18492CC mutants were 2.4 � 0.8, 1.7 �
0.8, and 1.2 � 0.4 mg/liter, respectively (P � 0.003). The propor-
tions of patients who had efavirenz concentrations of �1 mg/liter
were 0%, 15%, and 22%, respectively. The mean (�SD) body
weights at 12 and 24 weeks were 58 � 10 and 59 � 10 kg
(P �0.001, compared with those at week 0), respectively.

Univariate and multivariate analyses of possible factors associ-
ated with low plasma efavirenz concentrations at 12 and 24 weeks
are shown in Table 2. Overall, low plasma efavirenz concentra-
tions at both 12 and 24 weeks were associated with the 18492T¡C
SNP and a high body weight (P � 0.05). At 96 weeks, 8 (17%) of
the patients had plasma HIV RNA levels of �40 copies/ml, 4 (8%)
were lost to follow-up, and 3 (6%) died. Table 3 lists virologic and
immunologic responses at 96 weeks by the CYP2B6 18492T¡C
polymorphism. All patients with virologic failures developed non-
nucleoside reverse transcriptase inhibitor (NNRTI) resistance-as-
sociated mutations.

DISCUSSION

Many genetic polymorphisms associated with high efavirenz con-
centrations have been identified in CYP2B6 among patients with
HIV monoinfection (12). This is the first study revealing that pa-
tients who were coinfected with HIV and tuberculosis and who
had CYP2B6 haplotype *1/*1 and carried a heterozygous or
homozygous mutant of the CYP2B6 18492T¡C polymorphism
had markedly lower plasma efavirenz concentrations. To date, the
recommended range of plasma efavirenz concentrations at 12 h
after dosing is proposed to be 1 to 4 mg/liter (1, 15). Steady-state
plasma efavirenz concentrations were reduced by approximately
30% to 50% in the patients who had this allelic variant. Note that
the means of efavirenz concentrations in the patients who carried
heterozygous and homozygous mutants were 1.7 mg/liter and 1.2
mg/liter, respectively. Compared to a previous study in patients
with HIV monoinfection, efavirenz concentrations of the corre-
sponding patients were 2.0 mg/liter and 1.7 mg/liter, respectively
(19). Patients in the current study were therefore more vulnerable
to suboptimal efavirenz concentrations. This finding can be ex-
plained by the effect of the concurrent use of rifampin. Another
consideration is that a number of patients maintained their
achieved concentrations above the recommended minimum level
of 1 mg/liter, but these concentrations were very marginal. These
findings are consistent at both time points of efavirenz measure-
ments. The consideration of a minimum concentration of 1 mg/
liter was based upon an acceptable 70% treatment response rate
(15), whereas Stahle and colleagues suggested raising that mini-
mum to achieve at least an 80% response rate (20). Previous stud-
ies have shown that patients who had low or subtherapeutic
efavirenz concentrations had an increased chance for the develop-
ment of HIV-resistant strains and subsequent treatment failure
(15, 21, 22). Moreover, efavirenz has a low genetic barrier to re-
sistance; in fact, a single mutation results in high-level resistance
to not only efavirenz but also to other drugs in the same class (23).
Of note, almost one-third of the patients with a homozygous mu-
tant of the CYP2B6 18492T¡C polymorphism experienced viro-
logic failure, and all of them developed NNRTI-associated muta-
tions. This number is considered to be high, especially for patients
with the wild type and the heterozygous mutant of CYP2B6
18492T¡C, which was �20%, although statistical significance
was not reached due to the small sample size. Therefore, maintain-
ing an adequate drug concentration is very important for achiev-
ing long-term virologic suppression and preventing collateral
damage to other drugs. The frequencies of heterozygous and ho-
mozygous mutations of CYP2B6 18492T¡C accounted for 61%
in our cohort, which is considered to be relatively high. As men-
tioned, rifampin is an essential drug for the treatment of tubercu-
losis and is a potent inducer of cytochrome P450 enzymes in the

FIG 1 Scatter plots of plasma efavirenz concentrations at 12 weeks (while
concurrently receiving rifampin) and at 24 weeks (after rifampin discontinu-
ation) by the CYP2B6 18492T¡C SNP. Each dot represents one patient. The
middle bars indicate the means, and the upper and lower bars represent the
standard deviations of the means.
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liver, resulting in reduced plasma concentrations of efavirenz (5).
All things considered, such patients are highly vulnerable to sub-
sequent failure of HIV treatment, although no correlation was
found between CYP2B6 18492T¡C and virologic failure after 96
weeks of treatment, probably because of the relatively small sam-
ple size. Therefore, a larger-scale study remains necessary to con-
firm the findings.

In the current study, less interpatient variability of efavirenz
concentrations was observed during concurrent use of efavirenz
and rifampin, and this trend was consistent after rifampin discon-
tinuation. Substantial interpatient variability of efavirenz concen-
trations with a �100% coefficient of variation after fixed standard
doses is well known. Previous reports in Thais demonstrated wide
ranges of interpatient variability, ranging from 77% to 136% (6,
24). This can be explained by the fact that other SNPs were ex-
cluded before the final analysis, and only the patients who carried

CYP2B6 haplotype *1/*1 were enrolled, suggesting that other fac-
tors that potentially influence efavirenz concentration were min-
imized, even if variation is usually even greater when efavirenz was
coadministered with rifampin (25, 26).

In addition, a high patient body weight was found to be an
important predictive factor of a low drug concentration. Plasma
efavirenz concentrations persistently decreased at 0.9 mg/liter for
every 10 kg of increased body weight. The optimal efavirenz dos-
age when coadministered with rifampin is still debated. According
to the current U.S. Department of Health and Human Services
(DHHS) guidelines (1), experts recommend starting with an efa-
virenz dose of 600 mg/day and monitoring the patient for virolog-
ical response; for patients weighing �60 kg, the DHHS recom-
mends increasing the dose to 800 mg/day. The British HIV
Association (BHIVA) treatment guidelines recommend using a
50-kg body weight as the cutoff for increasing the efavirenz dosage

TABLE 2 Univariate and multivariate analyses of plasma efavirenz concentrations at weeks 12 and 24 as the dependent variable

Time point and parametera

Univariate analysis Multivariate analysis

P � 95% CIb P � 95% CI

12 wk
Demographics

Male gender 0.407 0.395 �0.555 to 1.344
Age 0.463 �0.018 �0.067 to 0.031
Body wt 0.025 �0.039 �0.074 to �0.005 0.004 �0.948 �1.573 to �0.323
On rifampin-containing regimen 0.321 �0.471 �1.418 to 0.475

Laboratory data
CD4 cells at wk 0 0.215 0.003 �0.002 to 0.008
Log plasma HIV RNA at wk 0 0.734 0.116 �0.590 to 0.821
Serum ALP 0.622 �0.001 �0.003 to 0.002
AST 0.497 0.006 �0.011 to –0.022
ALT 0.452 �0.007 �0.026 to 0.012
Hepatitis B virus antigen positive 0.042 1.651 0.064 to 3.238 0.508 �0.478 �1.924 to 0.967
Hepatitis C antibody positive 0.919 0.074 �1.380 to 1.529

Pharmacogenetic data
T18492C SNP 0.001 �1.253 �1.986 to �0.519 0.004 �0.948 �1.573 to �0.323

24 wk
Demographics

Male gender 0.273 �0.368 �1.039 to 0.303
Age 0.693 �0.008 �0.046 to 0.031
Body wt 0.498 �0.010 �0.041 to 0.020

Laboratory data
CD4 cells at week 0 0.754 �0.001 �0.005 to 0.003
Log plasma HIV RNA at week 0 0.497 �0.174 �0.687 to 0.340
Serum ALP 0.692 �0.001 �0.007 to 0.005
AST 0.772 �0.001 �0.010 to 0.007
Hepatitis B virus antigen positive 0.667 0.386 �1.480 to 2.252
Hepatitis C antibody positive 0.024 1.057 0.150 to 1.964 0.078 �0.762 �0.089 to 1.614

Pharmacogenetic data
T18492C SNP 0.002 �0.881 �1.420 to �0.343 0.007 �0.764 �1.302 to �0.225

a ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
b CI, confidence interval.

TABLE 3 Virologic and immunologic responses at 96 weeks by patients with the CYP2BC 18492T¡C polymorphism

Parameter

Mutant (n)

P18492TT (19) 18492TC (20) 18492CC (9)

No. of patients with plasma HIV-1 RNA levels at �40 copies/ml/total no. of patients (%) 3/16 (19) 3/18 (17) 2/7 (28) 0.254
CD4 cell count (median [IQR]) (cells/mm3) 288 (133–425) 269 (163–378) 239 (34–368) 0.886
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(11). In contrast, World Health Organization guidelines for re-
source-limited settings recommend using efavirenz at 600 mg/day
only (10). As a consequence, pharmacogenetic markers may play a
more important role in determining the appropriate dosage of
efavirenz in the future, particularly with concurrent rifampin ad-
ministration. With regard to virologic and immunologic re-
sponses, there appears to be no correlation between 96-week treat-
ment responses and the CYP2B6 18492T¡C polymorphism,
possibly because of the relatively small sample size. Nevertheless,
virologic failure developed relatively early after ART initiation and
might have been related to the marginal therapeutic concentra-
tion of efavirenz in these patients. Further study is needed.

A number of limitations to this study should be considered.
First, the frequency of the CYP2B6 18492T¡C polymorphism in
other ethnicities is somewhat different based upon the HapMap
(http://hapmap.ncbi.nlm.nih.gov/). Genetic differences in the
metabolism of efavirenz influence drug exposure. Thus, our re-
sults may not be completely applicable to other ethnic groups with
different frequencies of polymorphisms. Second, we studied a
small sample, which resulted in some factors in previous studies
that could not be identified, such as concurrently receiving rifam-
pin with efavirenz (8). Third, pharmacogenetic study was not per-
formed for other accessory pathways, including CYP2A6, CYP3A4/5,
and UGT2B7 (27). However, the current study demonstrated that the
pharmacogenetic marker (CYP2B6 18492T¡C) and biological fac-
tors (weight) can influence HIV treatment. Ultimately, the dura-
tion of studying pharmacogenetic markers, plasma drug concen-
trations, and final treatment outcomes was different in the current
study because we aimed to consider pharmacogenetic markers
and drug concentrations in patients while receiving and after dis-
continuing rifampin in the early period of ART to predict long-
term treatment outcomes.

In conclusion, the CYP2B6 T-to-C substitution at gene posi-
tion 18492 compromises efavirenz-based antiretroviral regimens,
particularly in patients with high body weight who are coinfected
with HIV and tuberculosis and who carry CYP2B6 haplotype *1/
*1. Further study with regard to integrating this pharmacogenetic
marker in clinical practice should be considered.
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