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Background & objectives: Among patients with HIV-associated tuberculosis (TB), reduced plasma
non-nucleoside reverse transcriptase inhibitors (NNRTI) concentrations during rifampicin (RMP) co-
administration could lead to HIV treatment failure. This study was undertaken to examine the association
between plasma nevirapine (NVP) and efavirenz (EFV) concentrations and virological outcomes in
patients infected with HIV-1 and TB.

Methods: This was a nested study undertaken in a clinical trial of patients with HIV-1 and TB, randomized
to two different once-daily antiretroviral treatment (ART) regimens along with anti-TB treatment (ATT).
Trough concentrations of plasma NVP and EFV were estimated at months 1 (during ATT and ART) and
6 months (ART only) by HPLC. Plasma HIV-1 RNA level >400 copies/ml or death within 6 months of
ART were considered as unfavourable outcomes. Genotyping of CYP2B6 516G>T polymorphism was
performed.

Results: Twenty nine per cent of patients in NVP arm had an unfavourable outcome at 6 months compared
to 9 per cent in EFV arm (P<0.08). The mean NVP and EFV levels estimated at 1 and 6 months did
not significantly differ between favourable and unfavourable responders. Logistic regression analysis
showed CYP2B6 516G>T polymorphism significantly associated with virologic outcome in patients
receiving EFV-based regimen.

Interpretation & conclusions: Trough plasma concentrations of NVPand EFV did not show any association
with response to ART in patients on ATT and once-daily ART. CYP2B6 516G>T polymorphism was
associated with virologic outcome among patients on EFV.
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The non-nucleoside reverse transcriptase inhibitors
(NNRTI), efavirenz (EFV) and nevirapine (NVP)
are essential components of life-saving antiretroviral
treatment (ART) for HIV infection in resource-limited
settings. Tuberculosis (TB) is the most common
complication of HIV infection and is associated with
high fatality rates'. Rifampicin (RMP), akey component
of anti-TB regimens induces the expression and activity
of the cytochrome P450 (CYP) metabolic enzymes in
the liver’. The drug-drug interactions between RMP
and the NNRTIs result in the reduction in NNRTI
concentrations which may potentially lead to HIV
treatment failure and development of drug resistance in
HIV infected TB patients. The effect of RMP on blood
NVP level is greater than on EFV level®.

It has been reported that plasma NNRTI
concentrations below the lower limit of the therapeutic
range increase the risk of development of HIV drug
resistance due to incomplete virological suppression®,
while levels above the upper limit increase the risk
of drug-related toxicity’. Monitoring plasma NNRTI
concentrations in HIV-TB patients, especially during
anti-TB treatment (ATT) with RMP may be a useful
tool to ensure that the drug levels remain within the
therapeutic range. Our group conducted a randomized
controlled clinical trial to compare the efficacy and
safety of a once-daily antiretroviral regimen of
didanosine, lamivudine and NVP versus a standard
regimen of didanosine, lamivudine and EFV among
patients with HIV-1 infection and TB®. A sub-study
was planned to estimate plasma concentrations of
NVP and EFV during and after completion of ATT in
patients who were enrolled in this trial with the aim of
examining the association between plasma NVP and
EFV concentrations and virological outcomes, and to
assess if therapeutic drug monitoring (TDM) is a useful
strategy.

Material & Methods

This was a prospective study undertaken in
patients with HIV-1 and TB, who were enrolled in a
randomized controlled clinical trial at the Tuberculosis
Research Centre (now National Institute for Research in
Tuberculosis), Chennai, India (NCT#00332306) during
May 2006 to June 2008. All patients were adults, naive
to ART, newly diagnosed with active TB, non-pregnant
and had CD4+ cell counts <250 cells/pl. Exclusion
criteria included previous ATT or ART for >1 month,
HIV-2 infection, major psychiatric illness, aspartate
aminotransferase and alanine aminotransferase levels
>2.5 times the upper limit of normal and having a severe

non-HIV related disease. Pulmonary TB was diagnosed
based on sputum smear and culture examination. Three
sputum specimens (1 spot and 2 overnight samples)
were collected and smears were stained with auramine-
rhodamine and examined by fluorescent microscopy;
sputum was processed by modified Petroff’s method
and cultured on Lowenstein-Jensen (L-J) medium’8,
Extra-pulmonary TB was diagnosed based on cyto-
and histopathological (for lymph node specimens) or
radiographic and biochemical (for pleural effusion
specimens) parameters. The biochemical parameters
tested in the pleural effusion for diagnosing TB were
differential cell count, protein and lactate dehydrogenase
(LDH). The fluid to plasma ratio was calculated to
determine if the effusion was a transudate or an exudate.
A fluid to plasma protein ratio of >0.5, fluid to plasma
LDH ratio of >0.6 and a lymphocytic predominance
of the fluid were taken as evidence of probable TB
effusion. The Institutional Ethics Committee approved
the study protocol, and all patients gave informed
written consent before enrollment.

All patients received the standard national anti-TB
regimen with RMP (450 mg for body weight <60 kg
and 600 mg for body weight >60 kg), isoniazid (600
mg), pyrazinamide (1500 mg) and ethambutol (1200
mg) thrice weekly for the first two months, followed
by RMP and isoniazid at the same doses thrice weekly
for the subsequent four months. After the intensive
phase of ATT, patients were randomized to receive
either of the once-daily antiretroviral regimens along
with the continuation phase of ATT. The ART regimen
consisted of lamivudine (300 mg) and didanosine
(250 mg for body weight <60 kg and 400 mg for body
weight >60 kg) with either NVP (400 mg) or EFV (600
mg) once daily. NVP was started at 200 mg once-daily
for the first two weeks. All drugs were administered
under direct observation in the clinic three days a week
and supplied to the patient for the remaining days. In
addition to ATT and ART, all patients received one
tablet of trimethoprim-sulfamethoxazole at double
strength, pyridoxine 10mg, and multivitamins daily,
in combination with psychosocial and adherence
counseling.

Permuted block randomization (blocks of 8) was
done centrally using a computer-generated list of
random numbers, stratified by site and two levels of
CD4+ cell count (<150 vs >150 cells/ul) and viral load
(<50,000 vs >50,000 copies/ml) each.

Measurement of CD4 cell counts by flow cytometry
(Becton, Dickinson FACSCount flow cytometer, USA)
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and HIV-1 RNA levels using COBAS® AMPLICOR
HIV-1 Monitor Test, v1.5 (Roche Molecular Systems,
USA) were performed at baseline, two and six months.
Plasma HIV-1 RNA level >400 copies/ml at six months
of ART (confirmed by repeat measurement) and death
within 6 months (in an intention-to-treat analysis) were
considered as unfavourable responses.

Estimation of plasma NVP and EFV was performed
at two time points, i.e. at one and six months after
initiation of ART. Month one corresponded to the
time when patients had received three months of ATT
and one month of ART, and month six to the period
when patients had completed ATT and were receiving
only ART. At months one and six, two ml blood was
collected before drug administration corresponding
to trough concentration. Plasma NVP and EFV levels
were estimated by HPLC according to validated
methods®!°. A small portion of the blood sample was
used for genotyping of CYP2B6 516G>T and 983
T>C polymorphisms. Genomic DNA extracted was
from whole blood and the CYP2B6 amplicon directly
sequenced using 3100 Avant Genetic analyzer''. The
CYP2B6 983 T>C polymorphism was genotyped using
Real-time PCR",

To calculate the sample size we assumed a
favourable virologic response rate of 90 per cent at 24
wk with the EFV regimen and a noninferiority margin
of 15 per cent for the NVP regimen. With a power of
80 per cent and a significance level of 5 per cent, the
sample size per group was calculated as 90, allowing
for a 20 per cent loss due to death or loss to follow
up. However, the Data Safety and Monitoring Board
withheld intake to the study after 116 patients had been
randomized.

Statistical analysis: Analysis of data was performed
using SPSS, version 14.0 (SPSS Inc. Chicago, IL,
USA), and data expressed as mean + SD after normality
was checked using Kolmogorov Smirnov and Shapiro
Wilk tests. Comparisons of plasma concentrations of
NVP and EFV between patients with favourable and
unfavourable response to ART, and between those
on and off RMP were done using t-test. Chi-squared
test was performed to compare the proportion of
patients with sub-therapeutic NVP/EFV levels among
favourable and unfavourable responders. In this study,
plasma NVP and EFV concentrations below 3.4 and
1.0 pg/ml, respectively were taken as sub-therapeutic'®.
Group-wise comparison of plasma concentrations
among the different genotypes of CYP2B6 516G>T
was done using Tukey’s multiple comparison test.

Logistic regression analysis by backward elimination
method was carried out to identify those variables that
were significantly associated with virologic failure.

Results

A total of 107 patients, 52 and 55 in the NVP and
EFV arms, respectively were included in this sub-study.
At baseline, the two groups had similar demographic
and clinical characteristics, except for haemoglobin
which was significantly different between the two
groups (P=0.041) (Table I). There was a significant
increase in body mass index, hemoglobin and CD4+
cell counts between baseline and 6 months in both
groups (P<0.001). Ten patients in the NVP arm and
five in the EFV arm had viral load >400 copies/ml at
six months (P<0.001). The CD4 cell counts in these
patients at 6 months were 261 + 152 and 247 + 111
cells/ul, respectively.

Among the 52 in the NVP arm, 15 (28.8%) had
an unfavourable response; 10 had viral load >400
copies/ml at 6 months while five had died. Among
the 55 patients in the EFV arm, five (9.1%) had an
unfavourable response; all had viral load >400 copies/
ml at 6 months. The NVP regimen proved to be inferior
to the EFV regimen, the difference being significant
(P=0.008).

At 1 month, plasma NVP and EFV values were
available for 45 (favourable responders - 33) and 49
(favourable responders - 45) patients, respectively;
at 6 months these were available for 33 (favourable
responders - 26) and 48 patients (favourable responders
- 44), respectively (Table II). The mean NVP and EFV
levels did not significantly differ between favourable
and unfavourable responders either at 1 or at 6 months
(Table II). The difference in mean NVP concentrations
between 1 (with RMP) and 6 months (without RMP)
was significant (3.6 vs. 4.9 ug/ml, P=0.003); the
corresponding difference in EFV concentrations (2.3
vs. 2.1 pg/ml) was not significant. Combining both
regimens, no significant difference in the proportion
of patients with sub-therapeutic NNRTI levels was
observed between unfavourable and favourable
responders either at 1 (56 versus 39%) or 6 (18
versus 28%) months. The number of patients with
sub-therapeutic NNRTI concentrations at 1 month
was higher than that at 6 months (42 vs. 28%); this
difference was significant (P=0.046).

Genotyping ofthe CYP2B6 516 G>T polymorphism
was undertaken in 95 patients. Of these, the number
of GG, GT and TT genotypes was 32, 45 and 18,
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Table I. Characteristics of the patients included in the study
Nevirapine (NVP) Efavirenz (EFV)
Baseline 6 Month Baseline 6 Month
N=52 N=45 N=55 N=52

Age (yr) 38.0+7.9 348+7.5
Males (N) 42 46
Type of TB
Pulmonary 27 31
Extra-pulmonary 25 24
Body mass index 163+2.3 18.9 £2.4" 16.3+2.7 19.0£2.7"
Haemoglobin (g/dl) 9.5+1.8" 128 +£2.7" 103+2.1" 13.2+£1.9"
CD4+ cell counts (cells/ul) 88+ 61 297 £ 162 92 + 60 308 £ 162
Viral load (copies/ml)* 228000 77600% 322000 3585%

(93,500 - 5,73, 500) (7915 - 230000) (78,100 - 7,50,000) (1198 - 7713)
Values are mean + SD
“Median (IQR); “denotes median (IQR) calculated for those with viral load >400 copies/ml - 10 in the NVP arm and 5 in the EFV arm;
"P=0.041 (NVP vs EFV at baseline); "P<0.001 compared to respective baseline

respectively; the genotype distribution followed Hardy-
Weinberg equilibrium. Patients with the TT genotype
had significantly higher plasma EFV concentrations
compared to GG and GT genotypes (P<0.001).
But differences in NVP concentrations among the
genotypes did not attain statistical significance (Table
II). Among 18 unfavourable responders for whom
CYP2B6 genotyping was done, 12 and 6 belonged to
GG/GT and TT genotypes, respectively. Although a
higher proportion of unfavourable responders belonged
to the GG/GT than TT genotype, this difference was
not significant.

Genotyping of the CYP2B6 983 T>C polymorphism
undertaken in 95 patients showed that all belonged
to the homozygous wild type and no mutations were
observed.

The mean inter-patient variability of EFV and
NVP was 117 and 59 per cent, respectively; the
corresponding values for intra-patient variation were
34 and 32 per cent, respectively.

Logistic regression analysis by backward
elimination method was performed to examine
the association of variables such as patient’s age,
baseline body weight, baseline CD4 cell counts,
CYP2B6 genotype and plasma drug levels at 1 and 6
months with an unfavourable outcome. CYP2B6 516
G>T polymorphism was found to be significantly
associated with outcomes in patients receiving EFV-
based regimen; patients belonging to GG/GT genotype

Table II. Plasma nevirapine and efavirenz (NVP & EFV)

levels in the different patient groups

Variable NVP (ng/ml)

EFV (ng/ml)

Virologic outcome 1 month

Favourable 3.8+1.8(n=233)
responders
Unfavourable

responders

3.5+ 1.6 (n=12)

6 month

Favourable
responders
Unfavourable
responders

4.6+2.0 (n=26)

6.5+34(n=7)

Rifampicin (RMP) co-administration

On RMP 3.6+ 1.7 (n=49)
Off RMP 49+2.5 (n=235)

Genotype 1 month

GG 33+2.0(m=16)
GT 3.5+ 1.6 (n=20)
TT 41+1.6(n=238)
6 month

GG 44+25(Mm=14)
GT 49+2.6 (n=15)
TT 6.1+£2.0(n=5)

2.342.5 (n=45)

25433 (n=4)

1.9+ 1.3 (n = 44)

3.7+5.0(n=4)

23425 (n=51)
2.1+ 1.9 (n=49)

1.4+0.9 (n=14)
1.5+ 1.5 (n=21)
6.0+3.0" (n=10)

1.6 0.8 (n=16)
1.7+1.0 (n=23)
44+34" (n=28)

Number of patients in each group given in parentheses

Values are mean = SD

"P=0.003 vs. on RMP; ""<0.001 vs. GG & GT genotypes
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were more likely to have an unfavourable outcome
(P=0.022).

At the end of ATT, 93 and 84 per cent of patients in
the EFV and NVP arms, respectively had a favourable
response. There were one treatment failure and three
defaulters in the EFV arm and three deaths, three
treatment failures and three defaulters in the NVP
arm.

Discussion

The treatment of HIV infection requires prolonged
use of antiretroviral drugs. Their effectiveness is often
closely related to the achievement of adequate drug
levels in blood>!. The utility of monitoring plasma
NNRTIs to predict virological outcome remains a
matter of debate. van Leth et al'> observed no relation
between blood concentration and treatment response
or occurrence of adverse events in adherent patients,
thereby questioning the value of TDM. While several
studies have reported an association between plasma
NNRTIs and virological outcomes in HIV-infected
patients without TB'*'%!7 a few studies in HI V-infected
TB patients have yielded conflicting results. The N2R
study from Thailand suggested that low drug exposure
was an important predictive factor for treatment
failure'. This prospective randomized trial in HIV-
infected TB patients showed a significant correlation
between treatment failure and reduced trough NNRTI
levels. It was assumed that the higher rate of treatment
failure in the NVP group during concomitant ATT
with RMP was a result of sub-optimal trough levels
compared to patients receiving EFV. Conversely, a lack
of association between sub-therapeutic plasma NNRTI
concentrations and virological failure in HIV-infected
TB patients receiving ART and ATT has been reported
by Sathia et a/'®. They observed favourable virological
and immunological responses, high rates of successful
TB therapy completion and microbiological cure. In
both the studies, patients received a twice-daily NVP
regimen.

The present study describes the association between
plasma NVP and EFV and virological outcome in HIV/
TB patients treated with a once-daily combination of
antiretroviral drugs along with ATT. A higher proportion
of patients had sub-therapeutic NNRTI concentrations
at one month (during RMP co-administration) than
at six months (without RMP). It is well established
that RMP lowers plasma concentrations of NNRTIs,
especially nevirapine, to sub-optimal levels. However,
the key question is whether NVP or EFV (in the

standard dose) when administered along with RMP
results in an increased risk of virological failure. Our
trial showed that once-daily NVP regimen was inferior
to EFV regimen with a higher rate of virologic failures
and deaths, and that EFV was the drug of choice in HIV-
infected patients with TB receiving rifampicin.®In this
pharmacokinetic sub-study, proportion of patients with
sub-therapeutic drug concentrations (both NVP and
EFV) did not differ between those with favourable and
unfavourable responses. Thus, the clinical significance
of NVP-RMP pharmacokinetic interaction resulting in
reduced NVP concentrations during concomitant RMP
treatment, and the cut-off values currently accepted,
remain unclear. Several studies have reported on the
lower efficacy of NVP-containing regimen compared
to the EFV-containing regimen among HIV-infected
TB patients®**!, However, the role of sub-therapeutic
plasma NVP during RMP co-administration in making
the NVP regimen less effective remains a matter of
conjecture. Further, pharmacokinetic studies capture
blood levels only at certain time points and may not
reflect the complete picture. Virologic failure in HIV-
infected patients may be driven by several factors,
and plasma NNRTI concentrations (using currently
recommended definitions of therapeutic ranges) may
not be the only determinant of treatment outcomes.

There were two patients for whom EFV
was prematurely withdrawn (due to psychiatric
manifestations) and two had NVP withdrawn (due to
Stevens Johnson syndrome). Blood levels at one month
were available for one patient each in the NVP and
EFV arms. While EFV concentration was above the
therapeutic range (5.12 pg/ml), NVP concentration was
below the therapeutic range (2.6 pug/ml). Because of
the very small number of patients with adverse effects
in this study, plasma drug concentrations could not be
associated with occurrence of the adverse reactions.

The study further demonstrated thatindividuals with
a TT genotype of the CYP2B6 516G>T polymorphism
had elevated trough levels of EFV with and without
concomitant RMP treatment, a finding similar to that
reported by Kwara et a/?>. Co-administration of RMP
did not alter the impact of this polymorphism on the
plasma concentration of EFVZ.

Logistic regression analysis showed that CYP2B6
516 G>T genotypes were significantly associated
with virologic outcomes, among patients receiving
EFV. Polymorphisms in this gene are also probably
responsible for the wide inter-patient variability
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observed in EFV blood levels. A higher proportion
of patients belonging to GG/GT genotype among
unfavourable responders and the association on
multivariable regression suggested that patients with
GG/GT genotypes were at a relatively higher risk of
developing virological failure. These findings are
similar to a study conducted in Thai HIV/TB co-
infected patients receiving NVP or EFV; the authors
observed that a higher proportion of TT genotypes
achieved virologic suppression compared to GG and
GT genotypes, though not statistically significant*.

Genotyping of CYP2B6 983 T>C polymorphism
in these patients showed that all patients were
homozygous wild type (TT genotype). Wyen et al'
had reported that the minor allele frequencies of this
polymorphism were 0 and 0.07 in Caucasians and
Blacks, respectively and that this polymorphism had a
significant impact on plasma NVP and EFV. However,
in the absence of individuals belonging to TC or
CC genotypes, it is unlikely that CYP2B6 983 T>C
polymorphism would play a role in influencing plasma
NNRTI concentrations.

Our findings need to be interpreted in the context
of the study design, which was to test once-daily
antiretroviral regimens; the general practice is to treat
with twice-daily regimens. Trough concentrations are
known to be affected by the rhythm of administration;
hence the findings may not be extrapolatable to
situations where twice daily regimens are used. Further,
we did not measure plasma levels during the first two
weeks when NVP was given in a lead-in dose of 200
mg once-daily - with RMP having already induced
the liver enzymes; it is possible that NVP levels
were extremely low during this time, predisposing
to virologic failure. Since this sub-study was nested
within a randomized controlled clinical trial, a separate
sample size and power calculation was not done. Other
limitation of this study was the small number of patients
with unfavourable outcomes and those belonging to
the TT genotypes, diagnosis of TB pleuritis not based
on microbiological, histopathological, or molecular
evidence and risk due to interactions of NVP and RMP.
The strengths of the study were that it was nested
in a randomized clinical trial with fully supervised
treatment, regular follow up and full ascertainment and
documentation of outcomes.

This prospective study among patients receiving
both ATT and ART showed no significant differences
in plasma NNRTI concentrations between patients with

favourable and unfavourable outcomes. Polymorphisms
in the CYP2B6 gene, however, appeared to be
correlated with virologic outcomes among patients
on EFV. Further studies should attempt to determine
the plasma levels of NNRTIs below which a poor
response to treatment can be reliably predicted. Till
then, therapeutic drug monitoring may not be a useful
or cost-effective strategy for patients on ART.
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