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Etravirine is a non-nucleoside reverse transcriptase inhibitor used in combination with other antiretro-
virals for the treatment of HIV infection. Given previous conflicting results aim of this study was to inves-
tigate whether etravirine plasma exposure was associated with virological outcome.

Adult HIV-positive patients starting etravirine with detectable HIV viral loads were included if highly
adherent (<90% of the doses) and if steady-state plasma concentrations were available (measured
through a validated HPLC–PDA method). Virological success was defined as reaching and maintaining
viral suppression (HIV RNA <50 copies/mL) during follow up.

Fifty-nine (84.7% male) patients were included: baseline CD4+ T-lymphocyte and HIV RNA were
276 cells/lL (101–419) and 3.99Log10 copies/mL (3.11–4.91), respectively. Darunavir/ritonavir (n = 21,
35.6%) and raltegravir plus maraviroc (n = 33, 55.9%) were the most common associated antiretrovirals.
240 trough samples were available (3–7 per patient); etravirine trough concentrations (Ctrough) and
weighted genotypic inhibitory quotients (wgIQ) were 426 ng/mL (266–763) and 408 ng/mL/mutation
(227–663), respectively. Virological success was observed in 49 patients (83.1%). Genotypic sensitivity
of associated drugs (GSS) P2 (p = 0.03), etravirine Ctrough >300 ng/mL (p = 0.02) and etravirine wgIQ
>276 ng/mL/mutation (p = 0.02) were associated with virological success; at multivariate Cox propor-
tional analysis etravirine wgIQ <276 ng/mL/mutation (p = 0.012) and baseline CD4 <200 cell/lL
(p = 0.043) were independently associated with virological failure.

In a cohort of experienced patients etravirine exposure as well as immune status were associated with
virological success; two cut off values (300 ng/mL and 276 ng/mL) were proposed for etravirine Ctrough
and wgIQ and need to be confirmed in prospective studies.

� 2014 Elsevier B.V. All rights reserved.
Etravirine is a non-nucleoside reverse transcriptase inhibitor
(NNRTI) that demonstrated satisfactory efficacy and tolerability
in treatment-experienced and naïve patients (Katlama et al.,
2010; Gazzard et al., 2011). Unlike first-generation NNRTIs, geno-
typic resistance to etravirine requires the accumulation of more
than one nucleoside change in viral reverse transcriptase gene:
genetic barrier to resistance is usually deemed high. Etravirine is
metabolized by the hepatic cytochrome P450 (CYP) 2C9, 2C19,
and 3A4 enzymes; its pharmacokinetics profile is characterized
by long elimination half-life (40 h) and by high inter-individual
variability partially explained by food- and drug-to-drug interac-
tions (Yanakakis and Bumpus, 2012; Lubomirov et al., 2013;
Kakuda et al., 2010; Schöller-Gyüre et al., 2008). A recent study
reported a relationship between etravirine plasma exposure and
efficacy: patients with etravirine 12-h Area Under the Curve
(AUC12) or concentration at the end of the dosing interval
(Ctrough) in the lowest quartiles (62712 ng h/mL or 6160 ng/
mL) had the lowest response rates (Kakuda et al., 2012). Further-
more etravirine genetic barrier warrants investigating the used of
genotypic inhibitory quotient (drug exposure compared to drug
resistance) effect on antiviral efficacy: it has been demonstrated
for several protease inhibitors (Gonzalez de Requena et al., 2011).
Aim of this study was to investigate if either etravirine plasma
exposure or weighted genotypic inhibitory quotient (wgIQ) could
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Fig. 1. Etravirine plasma concentrations (ng/mL) according to time post-dose
(hours). Steady-state plasma concentrations (measured through a validated HPLC–
PDA method) plotted with self-reported hours after drug intake. Etravirine was
administered at the standard dose of 200 mg twice-daily with food (not standard-
ized meals).
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be associated with virological outcome in HIV-positive treatment-
experienced patients.

This is a retrospective study including adult HIV-positive
patients starting etravirine-containing HAARTs (200 mg twice-
daily with food) after virological failures. Patients were either
enrolled in one clinical study (Nozza et al., 2011) or in routine clin-
ical care; they signed a specific written informed consent. This pro-
tocol was approved by San Raffaele Scientific Institute Ethics
Committee and ASLTO2 Ethics Committee. Patients were excluded
if baseline genotypic resistance test and etravirine steady-state
concentrations were not available, if self-reported adherence was
less than 90% or if interacting drugs were administered.

Plasma concentrations were measured through a validated High
Performance Liquid Chromatography coupled with photo diode
array (HPLC–PDA) method with a lower limit of detection and a
lower limit of quantification respectively of 11 ng/mL and 50 ng/
mL (D’avolio et al., 2008). Individual etravirine concentrations
were calculated as the geometric mean of available trough levels
(collected 10 to 14 h after drug intake).

Genotypic sensitivity score (GSS) of the co-administered drugs
was calculated according to Stanford algorithm using historical
cumulative genotypes. Etravirine weighted score was obtained
according to resistance associated mutations (RAMs)
(Vingerhoets et al., 2012): each RAM was assigned a score of 1
(V90I, V179D, K101E, K101H, A98G, V179T, G190A), 1.5 (E138A,
V106I, G190S, V179F), 2.5 (K101P, L100I, Y181C, M230L) or 4
(Y181I, Y181V). Etravirine weighted genotypic inhibitory quotient
(wgIQ) was calculated as the ratio between etravirine Ctrough and
etravirine weighted resistance score: for instance a patient with
etravirine Ctrough of 426 ng/mL and whose virus was harbouring
both Y181C and V179D have a wgIQ of 121.7 ng/mL/mutation
[426/(2.5 + 1)]. Virological success was defined as reaching and
maintaining viral suppression (HIV RNA <50 copies/mL) during fol-
low up.

Concentrations and inhibitory quotients cut offs were obtained
through Receiver Operator Curves identifying levels with adequate
sensitivity (above 70%) and testing the obtained dichotomous vari-
ables with Chi-square tests. Data are described as medians (inter-
quartile ranges) and non-parametric tests were used (as described
in the text). A Cox proportional hazard model was used to test fac-
tors independently associated with virological efficacy over time.
All statistical analyses were performed with SPSS version 20.0
(IBM Corp.).

Fifty-nine patients [male (50, 84.7%), aged 48 years (43–56),
with body mass index of 21.3 kg/m2 (19.2–23.2)] were included.
Eighteen (30.5%) and eight patients (13.6%) presented HCV or
HBV-related chronic hepatitis. Patients had a long history of anti-
retroviral therapy [12.5 years (9.8–14.8)] and a CD4+ T lymphocyte
nadir of 190 cells/lL (70–298). At baseline CD4+ T lymphocyte
were 276 cells/lL (101–419) and HIV RNA was 3.99 log10 copies/
mL (3.11–4.91). Drugs associated with etravirine are presented in
Supplementary Table 1: patients received PI-sparing (n = 36, 61%)
or PI-based (n = 23, 39%; mainly darunavir/ritonavir n = 21,
35.6%) regimens.

GSS was 1, 2 and above 2 respectively in 5 (8.5%), 40 (67.8%) and
14 patients (23.7%). Etravirine RAMs were present in 13 patients
(22%): Y181C (5, 8.5%), K100I (3, 5.1%), G190A (3, 5.1%) were the
most frequently reported.

Median etravirine concentration (out of 284 samples) was
449 ng/mL (261–721), with nine (3.2%) undetectable samples
(Fig. 1). Marginal direct correlations (Spearman’s test) emerged
between etravirine concentrations and age (rho = 0.24, p < 0.001),
BMI (rho = 0.26, p < 0.001) and time post-dose (rho = 0.15,
p = 0.009). 240 measurements were trough values and median
Ctrough was 438 ng/mL (261–713; coefficient of variation 0.83).
Median individual Ctrough (calculated using 3–7 samples per
patient) was 426 ng/mL (interquartile range 266–763): it was sig-
nificantly higher when raltegravir was co-administered (470 ng/
mL vs. 230 ng/mL, p = 0.01) and border-line lower when associated
with boosted protease inhibitors (310 ng/mL vs. 437 ng/mL,
p = 0.08). Etravirine wgIQ was 408 ng/mL (227–663).

After 48.3 weeks (47.8–205.7) of follow up virological success
was noted in 49 patients (83.1%); 2 (3.4%) and 8 patients (13.5%)
had non-response and virological rebound, respectively. Etravirine
Ctrough was higher in patients with virological success (428 ng/mL
vs. 258 ng/mL, Mann–Whitney p = 0.04) (Fig. 2) and by ROC analy-
sis a cut off was identified at 299 ng/mL [sensitivity 77.6%, specific-
ity 60% (AUROC 0.70, p = 0.04)]. Etravirine weighted gIQ was
border-line higher in patients with virological success (428 ng/
mL/mutation vs. 231 ng/mL/mutation, Mann–Whitney p = 0.06)
(Fig. 2) and ROC curve identified 276 ng/mL/mutation as a possible
cutoff (73.5% sensitivity and 70% specificity; AUROC 0.69, p = 0.06).
17 patients (28.8%) and 20 patients (33.9%) respectively presented
etravirine plasma levels below 300 ng/mL and etravirine wgIQ
below 276 ng/mL/mutation.

At Log-rank univariate analysis, determinants of virological suc-
cess were GSS >2 (88.9% vs. 60% in failures, p = 0.02), etravirine
Ctrough >300 ng/mL (90.5% vs. 64.7% in failures, p = 0.02) and etra-
virine wgIQ >276 ng/mL/mutation (92.3% vs 65%, p = 0.008). At Cox
proportional hazard analysis (including age, gender, anti HCV pos-
itivity, viral load, GSS) etravirine wgIQ <276 ng/mL/mutation
(p = 0.012, aOR 8.57, 95%CI 1.61–45.4) and CD4 <200 cells/lL
(p = 0.043, aOR 8.48, 95%CI 1.06–67.5) were independently associ-
ated with virological failure (Chi-square of the model = 15.2).

The analysis here reported confirms a concentration-dependent
effect of etravirine on virological success; two possible targets are
suggested in etravirine Ctroughs (300 ng/mL) and in etravirine
wgIQ (276 ng/mL/mutation). Similarly to what observed in the
GRACE study a relationship between etravirine exposure and effi-
cacy was confirmed (Kakuda et al., 2012); the absence of a high
genetic barrier drug may unmask etravirine pharmacokinetic/
pharmacodynamic correlation. The cut off here proposed is higher
than what observed in the aforementioned study: we should high-
light that 160 ng/mL was the lowest quartile values and that no
threshold value was evaluated. The observation of a wgIQ associa-
tion with efficacy confirms the hypothesis of similarities between
etravirine and boosted PIs as for genetic barrier to resistance; this



Fig. 2. Etravirine individual trough concentrations (left) or weighted score genotypic inhibitory quotient (right) according to virological outcome. Comparison of individual
trough concentrations (geometric mean of available plasma concentrations collected 10–14 h after drug intake per each patient) in patients showing virological success
(n = 49) versus those with virological failure (n = 10) (left, Mann–Whitney p value 0.04). Comparison of individual weighted score genotypic inhibitory quotients (individual C
troughs divided by etravirine resistance score) in the same groups of patients (right, Mann–Whitney p value 0.06). Boxes represent interquartile range with medians (central
lines); whiskers represent 10th and 90th percentile while single dots are outliers.
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might suggest the possibility of higher doses to overcome partial
resistance.

Etravirine Ctroughs are slightly higher than in previous studies
(426 ng/mL versus 393 ng/mL and 280 ng/mL) (Kakuda et al., 2010,
2012) where it was associated with boosted PIs while in our study
61% of regimens are PI-free. Moreover we report higher etravirine
concentrations in patients coadministered with raltegravir con-
firming previous data (Cmax, AUC and Cmin respectively 4%, 10%
and 17% higher) although the mechanism is currently unknown
(Calcagno et al., 2011). However unlikely the DUET studies, our
patients are less experienced and less frequently co-administered
with a PI/r: this mirrors clinical practice where patients are suc-
cessfully treated with etravirine without darunavir/ritonavir
(Katlama et al., 2010).

These findings might be useful in order to optimize the treat-
ment of experienced patients with limited therapeutic options.
Considering drug-to-drug interactions as well as food-drug inter-
actions may allow for higher exposures (etravirine exposure is
reduced by 51% in the fasted state) (Schöller-Gyüre et al., 2008).
Furthermore once-daily etravirine pharmacokinetics may be bene-
ficial since it was associated with higher AUCs and equivalent Ctr-
oughs (Gutiérrez-Valencia et al., 2012).

Some limitations must be highlighted: the retrospective study
design, the limited sample size, the short follow up, the heteroge-
neity of patients and follow ups (partially corrected using a Cox
proportional hazard model) and the relatively low number of
viruses carrying etravirine RAMs (22%). Furthermore patients with-
out RAMs were assigned a value of 1 (as if they had 1 mutation):
this correction, usually adopted in gIQ studies, has probably a lim-
ited effect since a similar virological efficacy was noted in patients
with RAMs scores ranging from 0 to 2 (Vingerhoets et al., 2012).

In conclusion, in a cohort of experienced patients etravirine
plasma exposure was associated with virological success: etravi-
rine weighted genotypic inhibitory quotient as well as CD4 cell
count are independently associated with the achievement and
maintenance of HIV RNA undetectability. Two targets were pro-
posed (300 ng/mL for etravirine Ctrough and of 276 ng/mL/muta-
tion for etravirine wgIQ) and they need to be confirmed in
prospective studies.
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