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Summary: To assess the relationship between mean efavirenz (EFV) plasma concentration and clinical effect during the first 48

weeks of combination antiretroviral therapy (cART), the baseline CD4 cell count was recorded and plasma EFV concentration and

CD4 cell count were measured every 12 weeks. HIV-RNA viral load was determined in the 48th week of cART. In total, 42 subjects

were recruited and grouped according to their mean concentration of EFV during the study period: groups A, B and C with EFV

concentrations (mean) ,2 mg/L (1.8 mg/L), 2–4 mg/L (2.9 mg/L) and .4 mg/L (5.5 mg/L), respectively. The CD4 cell counts in

group C increased more quickly than in groups B and A, although this was not statistically significant (211+176/mL versus 151+
145/mL and 172+105/mL, respectively; P ¼ 0.799). Groups B and C had higher rates of HIV viral load suppression than group A

(P ¼ 0.017). For treatment-naı̈ve Chinese HIV-infected patients, EFV plasma concentrations above 2 mg/L appear to suppress HIV

replication more effectively than concentrations below 2 mg/L.
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INTRODUCTION

Efavirenz (EFV) is a non-nucleoside reverse transcriptase inhibitor
for the treatment of HIV-1-infected individuals. Its long half-life
(40–55 hours) allows once-daily dosing and therefore brings the
advantage of better treatment adherence and efficacy.1

However, the emergence of EFV-resistant strains is likely to be
facilitated by exposure to subtherapeutic drug levels, and treat-
ment failure is more frequent in patients with levels lower than
1 mg/L compared with those with higher levels.2 Other reports
suggest that raising the lower level of the therapeutic range to
2 mg/L results in better treatment responses.3 Because of pharma-
cokinetic differences among infected individuals, high values of
interindividual variability in EFV plasma concentrations are
observed (coefficient of variation [CV] . 55%).2–4 To date,
many studies have focused on the therapeutic drug monitoring
(TDM) of EFV, and some2,5,6 have been based on a single sample
for evaluating long-term therapy effects, and yet these studies
overlooked the fact that considerable intrapatient variability in
EFV concentrations may result in differences in plasma concen-
tration over time.5,7 Additionally, some studies8–12 recruited
both treatment-naı̈ve and treatment-experienced subjects, poten-
tially clouding any associations between plasma concentration
and clinical effect.

Studies utilizing regular blood sampling to analyse the
association between EFV concentrations and clinical effects

are scarce. In the present study, we assessed mean EFV
plasma concentrations by sampling 10–15 hours post dosing
12 weeks after therapy and collecting regular data from subjects
during their first 48 weeks of follow-up. This allowed for analy-
sis of the association between mean EFV concentrations over
the whole 48 weeks and HIV surrogate markers. This study
was carried out among treatment-naı̈ve Chinese patients; with
limited medical resources in China, strategies to prevent the
emergence of EFV-resistant HIV are needed and our findings
may help guide local treatment strategies.

METHODS

Study design

The protocol received prior approval from the Shanghai Public
Health Clinical Center Ethics Committee. From January 2008 to
December 2009, patients were recruited and excluded according
to the following criteria. Inclusion criteria were HIV antibody
positive, naı̈ve to ART, CD4 cell count below 350/mL, intention
to start an EFV-based combined antiretroviral therapy (cART)
regimen, age �18 years, and, in female patients, willingness
to use birth control. Informed consent was obtained from all
participants. Exclusion criteria included active opportunistic
infection or AIDS-related cancer, chronic diarrhoea, malabsorp-
tion, active drug or alcohol abuse, less than four samples
for EFV concentration measurement during the 48 weeks’
follow-up and currently pregnant or breast-feeding women.
Those patients who failed to take EFV more than twice
monthly were regarded excluded from this study due to poor
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adherence. Adherence was measured with a questionnaire
administered by clinicians.

When patients were recruited to this research, general clinical
characteristics of subjects were recorded such as age, body
weight and body mass index (BMI). Hepatitis B and C status
and baseline CD4 cell count were determined and subsequently
blood was collected every 12 weeks for EFV plasma concen-
trations and CD4 cell counts. At the same time, clinicians
recorded symptoms of EFV-related central nervous system
(CNS) toxicity: dizziness, insomnia, impaired concentration,
somnolence, abnormal dreams and hallucinations. HIV-RNA
viral loads of all the subjects were performed in the 48th week
after cART. Twelve weeks after initiating their regimens, plasma
samples for EFV concentrations in all subjects were drawn
during the morning, 10–15 hours post dosing. HIV-RNA and
CD4 cell counts were quantified in the local clinical laboratory
where the hepatitis serology was also performed.

Quantification of drug concentration was determined as
described previously13 Detection of EFV was performed on a
triple quadrupole mass spectrometer. The mobile phase con-
sisted of A (Water): B (Acrylonitrile) (50:50, v/v). Lower limit
of EFV quantitation (LLOQ) is 50 ng/mL and mean EFV
intra- and inter-day precision were less than 11% with accuracy
between 85% and 115%.

Statistics

Results were shown as mean+ standard deviation (SD) or
median and interquartile range (IQR) or percentage (%).
Demographic factors such as age, BMI and weight were
assessed by linear regression to search for potential relation-
ships with the log10 EFV plasma concentration. Differences
between groups of patients (absolute values or % change)
were compared with analysis of one-way analysis of variance
or Wilcoxon Rank sum test and Pearson x2. STATA (Statistics
Data Analysis 7.0, TX, USA) was used for statistical analyses.
Statistical significance was assumed at P , 0.05.

RESULTS

There were initially 48 eligible HIV-1-infected patients
recruited; six subjects were subsequently excluded because of
irregular follow-up or poor adherence. Among the 42 patients,
32 (76%) subjects received zidovudine (AZT) þ lamivudine
(3TC) þ EFV as their regimen while 10 (24%) patients used
stavudine (D4T) þ 3TC þ EFV. Every participant had four
measurements during the whole follow-up and a total of 168
samples were collected.

The concentration of 168 samples ranged from 0.875 to
18.12 mg/L, and only one sample concentration was below
1 mg/L. The median EFV plasma concentration throughout
the follow-up period was 3.3 mg/L (IQR 2.1–4.1 mg).

Patients’ ages ranged from 23 to 59 years, with mean age of
41+ 11 years, and their average body weight was 64.2+
9.0 kg while the mean BMI was 21.7+ 2.7 kg/m2. There was
no relationship observed between mean EFV concentration
and patient age or body weight. There were eight patients
co-infected with hepatitis B or C and among the 42 subjects,
six (14%) were women; EFV levels were not affected by
gender or hepatitis status. A relationship between EFV concen-
tration and CNS toxicity was not observed (see Table 1).

Subjects were grouped according to mean EFV concen-
trations during the study period: groups A, B and C with
EFV concentrations ,2, 2–4 and .4 mg/L, respectively. The
virological and immunological outcomes among these groups
after 48 weeks of cART are summarized in Table 2.

In univariate analysis, groups B and C were more likely to have
a viral load ,50 copies/mL than group A, but no statistically sig-
nificant differences were observed between groups B and C.

The baseline CD4 level was not statistically different among
these groups at baseline or during follow-up; CD4 increase after
48 weeks of cART in the different groups is depicted in Figure 1.

DISCUSSION

In this study, EFV was taken at bedtime to minimize its adverse
effects; however, blood samples were taken during the morning
in the outpatient clinic. Marzolini et al.2 demonstrated that,
given the long half-life of EFV, sampling at 8–20 hours post
dosing only influences the total variance of EFV concentrations
slightly (3%) and the detection of EFV plasma concentration
based on samples taken between eight and 20 hours post
dosing has been reported in other studies.7,14,15 In the present

Table 1Table 1 Association between patient demographics, clinical
data and EFV concentration

Variable Efavirenz concentration (mg/L) P value

Median IQR

Efavirenz concentration (mg/L)

Age� – – 0.183

Weight� – – 0.704

BMI� – – 0.907

Sex – – 0.733

Male (n ¼ 36) 3521 2156–4036

Female (n ¼ 6) 3008 1878–4189

Co-infection with HBV/HCV – – 0.620

Yes (n ¼ 8) 3713 2138–5174

No (n ¼ 34) 3386 2115–4063

CNS toxicity – – 0.736

Yes (n ¼ 9) 3332 2326–4450

No (n ¼ 33) 3480 1998–4086

BMI ¼ body mass index; CNS ¼ central nervous system; EFV ¼ efavirenz; IQR ¼

interquartile range
�Relationship between continuous variables and log10 EFV plasma concentration

was assessed by linear regression. All other variables were assessed by Wilcoxon

rank sum test

Table 2 Relationship between mean EFV concentration and
surrogate markers after 48 weeks of cART

Analysis per

patient
Efavirenz concentration

P

value

<2 mg/L 2–4 mg/L >4 mg/L

n 5 8 n 5 22 n 5 12

Baseline CD4

cell count

(�106/L)

Mean+SD 204+102 205+105 145+128 0.418

Viral load ,50

copies/mL

after 48

weeks cART

Yes (%) 2 (25) 16 (73) 10 (83) 0.017

Count increase

during the

whole

follow-up

Mean+SD 172+105 151+145 211+176 0.799
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study, we regard EFV levels measured by this method as
trough concentrations. EFV is extensively metabolized to inac-
tive hydroxylated metabolites by the cytochrome P450 enzy-
matic system,16,17 and changes in the hepatic drug
metabolism of HIV patients co-infected with hepatitis B and
C can be affected.15 However, as in previous reports,15 we did
not find significant differences in EFV levels between patients
with and without co-infection, perhaps because hepatic func-
tion was well preserved in our subjects.18

As for the relationship between age and EFV metabolism,
there are no definite conclusions. Some researchers19,20 demon-
strated that no association between age and EFV concentration
level was found. However, Sotaniemi et al.21 suggested that
ageing could impact on drug metabolism, showing approxi-
mately 30% decline in CYP450 content after 70 years compared
with subjects aged 20 to 29 years. In our patients, the age
ranged from 23 to 59 years and an association between age
and EFV concentration was not found; further research with
larger numbers of older patients is needed.

Burger et al.19 reported that women were more liable to have
EFV-related toxicity because of higher EFV concentrations than
men of the same ethnicity. However, in some other studies,
there was no correlation with gender and EFV pharmacoki-
netics.4,22 In Caucasian, African or Hispanic Americans,
marked gender differences in CYP2B6 expression and its
activity have been observed.23 In comparison, the frequencies
of mutations in Han Chinese women were higher than those
in men,24 but there were no significantly statistical differences.
Our research did not find an impact of gender on EFV level.
This phenomenon might partly be explained by the different
CYP2B6 variants’ distribution or expression between men and
women in different races.23

Many previous studies25 – 27 reported that high EFV levels
increase the risk of adverse effects such as CNS toxicity.
However, this effect was not seen in our small study. Clifford
et al.27 reported that most adverse effects related to EFV
happened during the first two to four weeks of treatment; as
we only collected adverse effect data after 12 weeks cART
this might explain the disparity between our results and other
studies.2,28 Moreover, our data on CNS side-effects were
based on written patient records and not on specific measure-
ment of such features; hence, our ability to find a relationship
might have been reduced.

As for the ‘therapeutic range’ of EFV concentration,
Marzolini et al.2 suggested that the interval 1–4 mg/L would
be optimal for patients. Ståhle et al.3 demonstrated that a 70%
antiretroviral response rate could be reached at the lower
limit of 1 mg/L while more than 80% response rate at the
lower bound of 2 mg/L. Based on previous research,29

Chinese patients would have higher EFV concentration
because of the difference of CYP2B6 polymorphisms between
Chinese and Caucasian individuals. Among the 168 blood
samples, there was only one sample with an EFV concentration
below 1 mg/L; thus, our research took 2 mg/L as the lower
limit of the EFV therapeutic range. We found that EFV levels
above 2 mg/L were more likely to achieve complete HIV sup-
pression than EFV levels below 2 mg/L. However, there were
no significant differences of HIV suppression between EFV
levels above 4 mg/L and between 2 and 4 mg/L. Moreover,
there was no association between adverse effects related to
EFV and its concentration, and so EFV dose reductions in
patients with concentrations greater than 4 mg/L would not
necessarily ameliorate toxicity and might reduce the beneficial
effects of EFV on HIV suppression.

Although baseline CD4 cell counts among the groups with
different mean EFV concentrations were similar, during the
48-week follow-up the mean CD4 cell count increases of the
three groups were not statistically different. Catalfamo et al.30

reported that cART could increase the number of CD4 cells
by suppressing HIV replication, but many other factors could
also impact the increase of CD4 cells during cART.31,32 Hence,
the exact relationship between the increase of CD4 cell counts
and HIV suppression remains unclear.33 This might explain
why the increase in CD4 cell counts among patients with differ-
ent EFV levels was not significantly different after 48 weeks of
follow-up.

The sample size of this study was relatively small, and only
six female subjects were enrolled. This should be considered
when interpreting these results and larger cohorts are needed
to strengthen our findings.

In conclusion, patients with EFV levels above 2 mg/L may be
more likely to achieve complete HIV suppression than those
with EFV levels below 2 mg/L. During the first year of
EFV-containing cART, blood sampling to determine EFV
levels below 2 mg/L in Chinese patients may identify those
patients less likely to achieve HIV suppression. In the absence
of regular virological monitoring this may offer an alternative
strategy to complement adherence counselling and support.
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