
Vol.:(0123456789)

Clinical Pharmacokinetics (2020) 59:137–154 
https://doi.org/10.1007/s40262-019-00830-9

REVIEW ARTICLE

Clinical Pharmacokinetics and Pharmacodynamics of Etravirine: 
An Updated Review

Joshua P. Havens1,2 · Anthony T. Podany2 · Kimberly K. Scarsi1,2 · Courtney V. Fletcher1,2 

Published online: 2 November 2019 
© Springer Nature Switzerland AG 2019

Abstract
Etravirine is a second-generation non-nucleoside reverse transcriptase inhibitor (NNRTI) for the treatment of human immuno-
deficiency virus type 1 infection. It is a potent inhibitor of HIV reverse transcriptase and retains activity against wild-type and 
most NNRTI-resistant HIV. The pharmacokinetic profile of etravirine and clinical data support twice-daily dosing, although 
once-daily dosing has been investigated in treatment-naïve and treatment-experienced persons. Despite similar pharmacoki-
netic and pharmacodynamic results compared with twice-daily dosing, larger studies are needed to fully support once-daily 
etravirine dosing in treatment-naïve individuals. Etravirine is reserved for use in third- or fourth-line antiretroviral treatment 
regimens, as recommended, for example, in treatment guidelines by the US Department of Health and Human Services—
Guidelines for the Use of Antiretroviral Agents in Adults and Adolescents Living with HIV. Etravirine exhibits the potential 
for bi-directional drug–drug interactions with other antiretrovirals and concomitant medications through its interactions with 
cytochrome P450 (CYP) isozymes: CYP3A4, CYP2C9, and CYP2C19. This review summarizes the pharmacokinetic and 
pharmacodynamic parameters of etravirine, with particular attention to information on drug–drug interactions and use in 
special patient populations, including children/adolescents, women, persons with organ dysfunction, and during pregnancy.

Key Points 

Etravirine is active against wild-type and non-nucleoside 
reverse transcriptase inhibitor (NNRTI)-resistant HIV 
virus, and is indicated for use in third- or fourth-line 
antiretroviral treatment regimens in children, adoles-
cents, and adults.

Etravirine demonstrates bi-directional drug–drug interac-
tion potential through its interaction as a cytochrome 
P450 isozyme substrate, inhibitor, and inducer.

Insufficient data are available to support inclusion 
in treatment guidelines for the use of etravirine in 
treatment-naïve persons or administered as once-daily 
dosing.

1  Introduction

Etravirine is a second-generation non-nucleoside reverse 
transcriptase inhibitor (NNRTI) developed for use in the 
setting of NNRTI-resistant human immunodeficiency 
virus type 1 (HIV-1) infection due to its activity against 
NNRTI-resistant HIV strains and a higher genetic barrier 
to the development of resistance [1]. Etravirine is indicated 
for use in treatment-experienced persons aged 2 years and 
older with HIV-1, and retains activity against HIV virus con-
taining NNRTI resistance mutations, including K103N and 
G190S/A. However, single resistance mutations at L100I, 
K101E/H/P, and Y181C/I/V impact etravirine response 
[1–3]. Development of drug resistance to etravirine often 
occurs after emergence of multiple NNRTI mutations [4–6]. 
Thus, etravirine demonstrates a higher genetic barrier to 

 *	 Joshua P. Havens 
	 jhavens@unmc.edu

1	 Division of Infectious Diseases, Department of Internal 
Medicine, College of Medicine, University of Nebraska 
Medical Center, Omaha, NE 68198‑8106, USA

2	 Antiviral Pharmacology Laboratory, Department 
of Pharmacy Practice and Science, College of Pharmacy, 
University of Nebraska Medical Center, Omaha, 
NE 68198‑8106, USA

http://orcid.org/0000-0002-3703-7849
http://crossmark.crossref.org/dialog/?doi=10.1007/s40262-019-00830-9&domain=pdf


138	 J. P. Havens et al.

development of drug resistance compared with first-gener-
ation NNRTI’s. Phase III clinical trials demonstrated the 
effectiveness of etravirine compared with placebo when used 
in combination with an optimized antiretroviral (ARV) back-
ground regimen in treatment-experienced children, adoles-
cents, and adults. Therefore, etravirine is commonly reserved 
for use within third-line antiretroviral therapy (ART) regi-
mens [7–9].

Etravirine was approved for use by the US FDA in 2008 
and is available in 25, 100, and 200 mg tablets that can be 
swallowed whole or dispersed in liquid. It is administered as 
200 mg twice daily for adults, and with weight-based dosing, 
not to exceed the adult dose, for children and adolescents 
aged 2–18 years [10, 11]. Etravirine is metabolized exten-
sively through various cytochrome P450 (CYP) enzymes 
exhibiting inhibitory (CYP2C19, CYP2C19) and inductive 
(CYP3A4) properties, posing various considerations for 
drug–drug interactions (DDIs), as discussed in Sect. 3 [12].

The pharmacokinetic (PK) and pharmacodynamic (PD) 
characteristics of etravirine were described in Clinical 
Pharmacokinetics in 2009 [11]. This review summarizes 
and discusses the clinical PK and PD of etravirine from 
2009 to the present in healthy subjects and children, ado-
lescents, and adult persons with HIV, with special regard to 
dosing frequency, comorbidities, and special populations. 
DDIs with other ARTs and concomitant medications are 
also summarized. A review of publications for inclusion in 
this review was made through a PubMed search using the 
terms ‘etravirine’ or ‘TMC125’ in combination with ‘phar-
macokinetics’, ‘pharmacodynamics’, ‘pharmacogenomics’, 
‘pharmacology’, ‘drug transporter’, or ‘drug interactions’.

2 � Biopharmaceutics and Pharmacokinetics

2.1 � Pharmacokinetics

Etravirine PK have been described in healthy volunteers and 
individuals with HIV. A significant change in tablet formula-
tion was made during phase II and III studies that signifi-
cantly improved oral bioavailability and led to the present 
commercially marketed formulation for which the PK are 
described herein [13]. Dose and formulation selection have 
been previously extensively reviewed by Scholler-Gyure 
et al. [11].

2.2 � Absorption

After an oral dose of etravirine, maximum plasma con-
centrations (Cmax) are reached within 2.5–5 h [14, 15]. 
The proximal small intestine is likely the primary site of 
etravirine absorption via passive diffusion [16]. A signifi-
cant food effect has been shown in fasted and fed studies 

of healthy volunteers. In the fasted state, daily exposures 
[area under the concentration–time curve (AUC)] of etra-
virine were approximately 50% lower than with a meal. 
Meals consisting of 345–1160 kcal and 17–70 g of dietary 
fat did not demonstrate significant differences in etravirine 
bioavailability. A high fiber breakfast (685 kcal, 3 g fat) 
increased AUC by 25%, while a light breakfast (345 kcal, 
17 g fat) increased exposures by 20% [17]. Current etra-
virine labeling recommends administration following a 
meal, although the specific meal type is not defined and 
differences in PK by meal types are likely not clinically 
relevant [17, 18]. Drug interactions with agents that lower 
gastric pH, such as ranitidine and omeprazole, did not show 
a clinically significant effect on absorption [18, 19]. Simi-
larly, PK studies investigating the effect of crushing etra-
virine tablets have found no clinically significant effect on 
absorption [20, 21].

2.3 � Distribution

Etravirine is extensively (99.9%) bound to plasma pro-
teins. In vitro experiments show 99.6% is bound to albumin 
(HSA), while 97.7% is bound to α-1-glycoprotein (AAG) 
[18]. The blood-to-plasma ratio for etravirine is 0.7 [22]. 
The median protein binding adjusted half maximal effective 
concentration (EC50) for MT4 cells infected with HIV-1/IIIB 
in vitro is approximately 4 ng/mL [18]. Antiviral activity 
of etravirine is covered further in Sect. 4.1. Studies investi-
gating the effect of changes in plasma proteins on antiviral 
activity of etravirine have shown minimal effect. In the pres-
ence of 1 mg/mL AAG or 45 mg/mL HAS (both physiologi-
cally excess), EC50 fold changes of 1 and 3 were found [2]. 
It is worth noting that for highly protein bound drugs, their 
propensity to displace other highly protein bound drugs may 
lead to a clinical effect on the displaced drug. In a study of 
warfarin and etravirine coadministration in rats, clearance of 
S-warfarin increased approximately threefold in the presence 
of etravirine. A significant decrease in the amount of warfa-
rin bound to albumin in the presence of etravirine (99.34% 
vs. 92.38%) was also observed. The changes in unbound 
concentrations of warfarin were the likely mechanism of 
increased warfarin clearance [23].

The reported apparent volume of distribution (Vd) of 
etravirine in the central compartment is 422 L [24]. As 
etravirine is largely protein bound in circulation, a limited 
amount of drug passes into the cerebrospinal fluid (CSF). 
Studies of CSF penetration of etravirine indicate the drug is 
similarly highly protein bound in the CNS (98.4%). Overall, 
etravirine CSF concentrations constitute approximately 4.3% 
of total plasma etravirine, and no correlation between CSF 
or plasma albumin concentrations and CSF concentrations of 
etravirine were found [25]. While total CSF concentrations 
of etravirine in adults with HIV have been shown to be above 
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the in vitro concentration required to inhibit viral replica-
tion by 50% (IC50) [26], the unbound fraction of drug in the 
CSF did not reach the IC50 of etravirine in similar studies of 
individuals with HIV [25].

Two studies in HIV-infected women receiving etravirine 
200 mg twice daily, found cervicovaginal fluid exposures 
were greater than blood plasma exposures, one reporting a 
ratio of 1.2 [27, 28]. Seminal and rectal tissue concentrations 
of etravirine were evaluated in 12 HIV-negative men over 
8 days of etravirine 200 mg twice daily. Seminal plasma 
concentrations of etravirine were approximately 85% lower 
than those in blood plasma, while protein binding in seminal 

plasma was less than that of blood plasma, at around 97%. 
Conversely, exposures of etravirine in rectal tissue were 
higher than exposures in blood plasma by 20- to 40-fold 
[29].

2.4 � Metabolism and Elimination

Etravirine is primarily metabolized by the CYP3A4, 
CYP2C9, and CYP2C19 isoenzymes of the CYP family. 
Oxidation of the parent compound to (mono- and di-)meth-
ylhydroxylated metabolites appears to be the major route 
of metabolism (Fig. 1), with subsequent glucuronidation of 

Fig. 1   Metabolism of etravirine (from Scholler-Gyure et al. [11])
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these hydroxyl metabolites [30, 31]. The major metabolites of 
etravirine are > 90% less active against reverse transcriptase 
than the parent [32]. In mass balance studies, 94.9% of an 
oral dose was collected by 168 h postdose, and 93.7% of 
the dose was recovered in feces and 1.2% was recovered in 
urine. Of the dose captured in the feces, unchanged drug 
accounted for 81–86% of the administered dose [31]. The 
terminal elimination half-life of etravirine derived from mass 
balance studies was 41 h [18, 31]. Etravirine has minimal 
renal elimination [31], and no studies have been conducted 
to investigate use in patients with renal impairment.

2.5 � Pharmacokinetics in Healthy Subjects

The PK of the etravirine commercial formulation were 
evaluated in two phase I clinical trials [14]. Daily doses of 
200–400 mg were investigated in once- and twice-daily dos-
ing schedules. Overall, equal daily doses resulted in similar 
exposures, and the exposures were dose proportional across 
the doses studied [14]. Minimum plasma concentrations 
(Cmin) were 25–26% lower, while Cmax concentrations were 
42–44% higher, with daily dosing compared with twice-
daily dosing [14]. Steady state exposures of etravirine after 
7 days of dosing demonstrated accumulation ratios of 2.5- to 
4-fold for AUC and Cmax [14]. Steady state PK parameters 
of etravirine in HIV-negative, healthy volunteers are shown 
in Table 1; representative concentration versus time profiles 
are shown in Fig. 2. 

2.6 � Pharmacokinetics in HIV‑Positive Individuals

Etravirine PK in individuals with HIV were largely derived 
from the phase III DUET-1 and DUET-2 trials. A general Ta
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Fig. 2   Pharmacokinetic profile of etravirine administered as 400 mg 
od [n =37] and 200  mg bid [n =39] of the commercial formulation 
for 8 days in healthy subjects. Data are expressed as mean (standard 
deviation) [from Scholler-Gyure et al. [11]. od once daily, bid twice 
daily
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trend for lower concentrations in HIV-infected persons has 
been observed [14]. Mean (standard deviation [SD]) etra-
virine AUC from 0 to 12 h (AUC​12) and Cmin were 5506 
(4710) ng h/mL and 393 (391) ng/mL, respectively, in 575 
participants from these two studies. Inter- and intrasubject 
variability (coefficient of variation) of apparent oral clear-
ance (CL/F) were 60% and 40%, respectively. Etravirine PK 
were not significantly influenced by sex, age, race, or treat-
ment duration [24]. Hepatitis co-infection was associated 
with a 1.35-fold increase in AUC​12 (p =0.0028) [33]. Sub-
jects with hepatitis B virus co-infection had an 8.3% increase 
in etravirine CL/F, whereas those with hepatitis C virus co-
infection had a 24% decrease in CL/F [24, 33]. Etravirine 
PK exhibits relatively low interpatient variability (approxi-
mately 50% for CL/F); recent studies found approximately 
13% and 5% of the interpatient variability in CL/F arises 
from concomitant ARVs and pharmacogenomics, respec-
tively [34–36]. Steady-state PK parameters of etravirine in 
HIV-positive individuals are shown in Table 1.

2.7 � Pharmacokinetics in Special Populations

2.7.1 � Hepatic Insufficiency

Phase I mass balance studies of etravirine indicate the pri-
mary elimination pathway is via hepatobiliary metabolism 

(> 93%), whereas renal elimination plays only a minor role 
(approximately 1.2%) [31]. Studies in HIV-negative volun-
teers with mild (Child–Pugh A) or moderate (Child–Pugh 
B) hepatic impairment have shown comparable etravirine 
exposures (AUC​12) to healthy individuals matched for age, 
sex, race, and body mass index [37]. After 8 days of twice-
daily 200 mg dosing, AUC​12 was 13% and 18% lower in 
participants with mild and moderate hepatic impairment, 
respectively, while Cmax was 13% and 2% lower in the mild 
and moderate groups, respectively, compared with healthy 
volunteers. No dose adjustment of etravirine is needed in 
individuals with mild to moderate hepatic impairment [37]. 
Etravirine PK have not been evaluated in individuals with 
severe hepatic impairment.

2.7.2 � Pregnancy

Etravirine exposures (AUC​12) were 34% higher and CL/F 
was 52% lower in the third trimester, compared with post-
partum, in 15 pregnant women receiving etravirine (200 mg 
twice daily) containing ART. Median (range) C12 was higher 
in the third trimester compared with postpartum [0.48 
(0.08–1.94) vs. 0.38 (0.07–1.14) μg/mL]. The likely expla-
nation is a pregnancy-induced decrease in CYP2C19 expres-
sion [38]. Median cord blood-to-maternal plasma ratios at 

Table 2   Effect of drug–drug interactions between etravirine and non-antiretrovirals on etravirine pharmacokinetic parameters (adapted from 
Kakuda et al. [41])

Not shown: methadone, ranitidine, ethinylestradiol/norethindrone, paroxetine, sildenafil, and digoxin were also evaluated and were not found to 
influence the pharmacokinetics of etravirine
AUC​ area under the plasma concentration–time curve, AUC​12 AUC from 0 to 12 h, AUC​last AUC from time zero to the last quantifiable concen-
tration, bid twice daily, CI confidence interval, Cmax maximum plasma drug concentration, Cmin minimum plasma drug concentration, od once 
daily, – indicates not available
a Ratio of the result for the coadministered drug plus etravirine versus etravirine alone; no effect = 1.0
b AUC​last

Dosage regimen of the 
coadministered drug

Dosage regimen of 
etravirine

No. of 
partici-
pants

Least square means ratio of etravirine parameters 
(90% CI)b

Cmax AUC​12 Cmin Clinical recommendation

Clarithromycin 
500 mg × 13 daysc

Etravirine days 6–13 15 1.46 (1.38–1.56) 1.42 (1.34–1.50) 1.46 (1.36–1.58) Consider alternative 
macrolide therapy

Fluconazole 200 mg 
od × 7 days

Etravirine × 14 days 16 1.75 (1.60–1.91) 1.86 (1.73–2.00) 2.09 (1.90–2.31) Use with caution due to 
increased etravirine 
exposure

Omeprazole 40 mg 
od × 11 days

Etravirine single dose 18 1.17 (0.96–1.43) 1.41 (1.22–1.62)b – No dose adjustment 
necessary

Rifabutin 300 mg 
od × 14 days

Etravirine × 21 days 12 0.63 (0.53–0.74) 0.63 (0.54–0.74) 0.65 (0.56–0.74) Combination is not 
recommended unless 
coadministered with 
a ritonavir-boosted 
protease inhibitor

Voriconazole 200 mg 
bid × 7 days

Etravirine × 14 days 16 1.26 (1.16–1.38) 1.36 (1.25–1.47) 1.52 (1.41–1.64) Use with caution due to 
increased etravirine 
exposure
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delivery were 0.52 (range 0.19–4.25). No dose adjustment of 
etravirine is recommended in pregnant women [38].

2.7.3 � Pediatrics

A phase I/II study investigated etravirine PK in 21 treat-
ment-experienced pediatric patients split into two cohorts 
(Cohort 1: age 2 to < 6 years; Cohort 2: age 1 to < 2 years). 
Participants received weight-band dosing: 75 mg twice daily 
(8 to < 10 kg); 100 mg twice daily (10 to < 20 kg); or 125 mg 
twice daily (20 to < 25 kg) [39, 40]. Etravirine was used in 
combination with two other ARVs, including a ritonavir-
boosted protease inhibitor (PI). The geometric means (CV%) 
of time to reach Cmax (Tmax), Cmax, and AUC​12 for Cohorts 1 
and 2 were 4.5 h (42%) versus 2 h (75%), 466 ng/mL (84%) 
versus 390 ng/mL (89%), and 3823 ng h/mL (95%) versus 
3328 ng h/mL (94%), respectively [40].

A Phase I study of 21 patients (> 6–18 years of age) 
included two stages of etravirine dosing: 4 mg/kg twice daily 
and 5.2 mg/kg twice daily. Mean (SD) Cmax and AUC​12 were 
495 (453) versus 757 (680) ng/mL and 4050 (3602) versus 
6141 (5586) ng h/mL for the 4 mg/kg and 5.2 mg/kg doses 
[10]. The 5.2 mg/kg dose showed comparable exposures to 
adults receiving 200 mg twice daily and was selected for 
further pediatric development. Table 1 summarizes the etra-
virine PK parameters in pediatric and adolescent populations 
[12, 34].

3 � Drug–Drug Interactions

Absorption-related DDIs have not been observed with 
changing gastric pH (ranitidine). An increase in etravirine 
exposure was observed with omeprazole (Table 2); how-
ever, the mechanism is inhibition of etravirine metabolism 
via CYP2C19 rather than increasing gastric pH [11, 41]. 
Scholler-Gyure et al. summarized the in vitro and in vivo 
modified Cooperstown 5 + 1 cocktail results [11], show-
ing etravirine is an inducer of CYP3A and an inhibitor of 
CYP2C9 and CYP2C19 [41]. Given these characteristics, 
DDIs between etravirine and coadministered medications are 
expected. The effect of etravirine on drug transporters in one 
in vitro study found etravirine did not inhibit p-glycoprotein, 
was not a substrate for the ABC transporters, and was both 
an inducer and inhibitor of BCRP/ABCG2 [42]. In vivo data 
suggest that etravirine is a weak p-glycoprotein inhibitor, 
as demonstrated by a 19% increase in Cmax of single-dose 
digoxin (Table 3) [11, 43]. Because etravirine is most com-
monly used as part of a third-line ART regimen, it is typi-
cally combined with multiple classes of ARVs, which may 
be perpetrators of DDIs. Available DDI data with non-ARV 
concomitant drugs that result in a change in etravirine PK 
are summarized in Table 2; changes in the coadministered AU
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drug PK and clinical recommendations based on bidirec-
tional effects of the combination are provided in Table 3. 
A comprehensive reference for DDIs may be found in the 
Department of Health and Human Services (DHHS) Adult 
and Adolescent HIV Treatment Guidelines (https​://aidsi​nfo.
nih.gov/guide​lines​/html/1/adult​-and-adole​scent​-treat​ment-
guide​lines​/0) or the Liverpool drug interactions website 
(hiv-druginteractions.org).

This review focuses on DDIs when combining etravirine 
with concomitant ARVs to construct a fully suppressive 
ART regimen. Table 4 describes the results of PK studies to 
assess the bidirectional influence of etravirine and individual 
ARVs. Most studies were conducted in healthy volunteers, 
with a crossover study design, unless noted otherwise. Data 
with older ARVs can be found in a prior review by Scholler-
Gyure et al. [11]. Some DDI studies discussed in this review 
were conducted with the initial, lower bioavailability formu-
lation; however, the product labeling applies the findings 
from these DDI studies to the current commercial product 
based on similar findings from studies repeated with the 
commercial product [18, 41, 44].

3.1 � Combining Etravirine with Other Antiretrovirals

3.1.1 � Entry Inhibitors

The AUC of maraviroc 300 mg twice daily was decreased 
53% in combination with etravirine (Table 4), resulting 
in the recommendation to increase maraviroc to 600 mg 
twice daily when coadministered [45]. When etravirine 
and maraviroc (150 mg twice daily) were coadministered 
with darunavir/ritonavir, the maraviroc AUC was 3.1-fold 
higher than 150 mg twice daily without a ritonavir-boosted 
PI (geometric means ratio [GMR] 3.1, 90% confidence 
interval [CI] 2.57–3.74) [45]. Therefore, when maraviroc 
and etravirine are coadministered with a ritonavir-boosted 
PI, the PI dosing recommendations should be followed as 
CYP3A inhibition by the ritonavir-boosted PI is expected 
to overcome the CYP3A induction by etravirine [11, 44]. A 
population PK analysis of the DUET trials found no inter-
action between etravirine and enfuvirtide [24], and none is 
expected between etravirine and ibalizumab.

Fostemsavir, a prodrug of temsavir, is an investigational 
attachment inhibitor metabolized by esterase-mediated 
hydrolysis, CYP oxidation, and glucuronidation [46]. If 
approved, fostemsavir may be a useful agent to combine with 
etravirine, given expected use for highly treatment-experi-
enced patients. When fostemsavir 600 mg twice daily was 
combined with etravirine 200 mg twice daily, the AUC of 
temsavir was decreased 50% (Table 4). However, when fos-
temsavir and etravirine were combined with darunavir/rito-
navir 600/100 mg twice daily, the temsavir AUC increased 
34% (GMR 1.34, 90% CI 1.17–1.53). The authors concluded 

the interactions were not clinically meaningful in either sce-
nario, based on safety and efficacy from an ongoing phase 
IIb study [47].

3.1.2 � Integrase Strand Transfer Inhibitors

The various metabolic pathways of integrase strand trans-
fer inhibitors (INSTIs) influence the effect of etravirine 
coadministration [7]. Raltegravir and cabotegravir are both 
primarily metabolized by UGT1A1, while bictegravir and 
dolutegravir are metabolized by CYP3A4 and UGT1A1. 
Raltegravir, bictegravir, and dolutegravir do not induce or 
inhibit enzymes involved in etravirine metabolism. Elvite-
gravir is metabolized by CYP3A4 and is only available 
as a combined tablet with cobicistat, a CYP3A inhibitor, 
resulting in the potential for this combination to influence 
etravirine exposure. Bictegravir has not been evaluated 
with etravirine, but etravirine is expected to significantly 
decrease bictegravir exposure and coadministration is not 
recommended [7]. Data with other INSTIs and etravirine 
are summarized below.

No significant change in the raltegravir AUC or etravirine 
PK were found in a healthy volunteer study (Table 4) [48]. 
Based on these data, twice-daily raltegravir may be coad-
ministered with etravirine with no dose adjustment. How-
ever, raltegravir 1200 mg once daily should be avoided in 
combination with etravirine because of the 34% decrease in 
raltegravir Cmin [7].

Dolutegravir (50 mg daily) combined with etravirine 
(200 mg twice daily) resulted in a 71% and 88% decrease 
in dolutegravir AUC and C24, respectively (Table  4) 
[49]. Dolutegravir (50 mg daily) was also evaluated with 
etravirine (200 mg twice daily) plus lopinavir/ritonavir 
400/100 mg twice daily or darunavir/ritonavir 600/100 mg 
twice daily to assess the three-way interaction [49]. With 
lopinavir/ritonavir and etravirine, the dolutegravir AUC and 
C24 were 11% and 28% higher, respectively, compared with 
dolutegravir alone (geometric least square means [GLSM] 
ratio AUC: 1.11, 90% CI 1.02–1.20; C24: 1.28 (90% CI 
1.13–1.45)]. With darunavir/ritonavir and etravirine, the 
dolutegravir AUC and C24 were 25% and 37% lower, respec-
tively [GLSM ratio AUC: 0.75, 90% CI 0.69–0.81; C24: 0.63, 
90% CI 0.52–0.76]. Based on these results, if dolutegravir 
is combined with etravirine, a ritonavir-boosted PI, either 
atazanavir, lopinavir, or darunavir, each boosted with rito-
navir, must also be given. In this combination, dolutegravir 
50 mg once daily may be used in patients without INSTI 
resistance; however, due to the potential for lower dolute-
gravir exposure, twice-daily dolutegravir may be considered 
by some providers for persons with INSTI resistance [7]. 
The investigational (as of this writing) INSTI cabotegravir 
(30 mg orally daily), was evaluated in combination with 
etravirine (200 mg twice daily), with no change observed 

https://aidsinfo.nih.gov/guidelines/html/1/adult-and-adolescent-treatment-guidelines/0
https://aidsinfo.nih.gov/guidelines/html/1/adult-and-adolescent-treatment-guidelines/0
https://aidsinfo.nih.gov/guidelines/html/1/adult-and-adolescent-treatment-guidelines/0


147Etravirine Pharmacokinetics and Pharmacodynamics

in cabotegravir PK parameters (Table 4). Therefore, it is 
expected that no dose adjustment is necessary.

Etravirine is not recommended with elvitegravir/cobi-
cistat, based on the interaction with darunavir/cobicistat 
described in Sect. 3.1.5 [7]. Elvitegravir/ritonavir was stud-
ied in combination with etravirine in healthy volunteers and 
resulted in no change in either elvitegravir or etravirine PK 
(Table 4) [44]. Because elvitegravir-only tablets were dis-
continued by the manufacturer, this combination is no longer 
available.

3.1.3 � Nucleoside/Nucleotide Reverse Transcriptase 
Inhibitors

A crossover study of etravirine with tenofovir disoproxil 
fumarate in healthy volunteers found a 15% increase in 
tenofovir exposure (Table 4) [50]. The increase in tenofovir 
is hypothesized to be related to p-glycoprotein inhibition 
by etravirine [50]. A similar effect may be observed with 
tenofovir alafenamide, also due to p-glycoprotein inhibi-
tion, but this has not yet been studied. In the same study, a 
19% decrease in etravirine exposure was observed (Table 4) 
[50], and a population PK model from the DUET trial found 
that tenofovir disoproxil fumarate was also associated with 
26% lower etravirine AUC​12 (p =0.0005) [24]. The product 
labeling reflects current opinion that these changes are not 
clinically significant. No significant DDIs are expected with 
other nucleoside/nucleotide reverse transcriptase inhibitors 
(NRTIs) [11, 44].

3.1.4 � Non‑Nucleoside Reverse Transcriptase Inhibitors

Due to the shared mechanism of action and prior data find-
ing that dual-NNRTI-based regimens were not effective 
[7], etravirine is not recommended in combination with 
other NNRTIs. Both efavirenz and nevirapine significantly 
decrease the AUC of etravirine by 41–55% (Table 4) due 
to the induction of etravirine metabolism via CYP3A4, 
CYP2C9, and CYP2C19 [11, 44].

3.1.5 � Protease Inhibitors

PIs are substrates for, and inducers or inhibitors of, mul-
tiple CYP enzymes [7]; thus, there are significant DDIs 
when combining etravirine with PIs. Etravirine exposure 
decreased (AUC 33–35%; Cmin 45–49%) when combined 
with darunavir/ritonavir or lopinavir/ritonavir, with no 
change in darunavir exposure and modestly lower lopinavir 
AUC (13%) and Cmin (20%) [Table 4]. Despite this, no dose 
adjustment is recommended with these PIs as the reduction 
in etravirine exposure was observed during the phase III 
clinical trials, which leads to the licensure of etravirine, at 
the standard dose, in combination with boosted PIs.

One study evaluated etravirine in combination with 
cobicistat-boosted PIs [51]. Comparisons were conducted 
in two cohorts: (1) patients receiving ART with darunavir/
cobicistat (800/150 mg once daily) added etravirine 400 mg 
once daily to their background regimen for 14 days; or (2) 
patients receiving ART with etravirine (400 mg once daily) 
added darunavir/cobicistat 800/150 mg once daily to their 
background regimen for 7 days. No change in etravirine 
Cmax, Cmin, or AUC before and after the addition of daru-
navir/cobicistat was observed (Table 4). In contrast, the 
cobicistat AUC and C24 were 30% and 64% lower, respec-
tively (least square means [LSM] ratio AUC: 0.70, 90% CI 
0.56–0.87; Cmin: 0.34, 95% CI 0.23–0.50). This reduction 
in cobicistat exposure contributed to a 56% lower darunavir 
C24, but no change in the darunavir Cmax or AUC (Table 4). 
Therefore, when combining etravirine with darunavir, it is 
recommended to use ritonavir as the PK booster. Based on 
these data, etravirine is also not recommended in combina-
tion with cobicistat-boosted atazanavir.

No dose adjustment is recommended, but caution is 
advised, when etravirine is combined with fosamprenavir/
ritonavir due to a 69% higher amprenavir AUC observed 
in patients adding etravirine to a fosamprenavir/ritonavir-
containing ART, and atazanavir/ritonavir due to a lower 
atazanavir exposure (AUC 14%, Cmin 38%) and 30% higher 
etravirine AUC (Table 4) [11, 44]. Dose escalation of ataza-
navir/ritonavir to 400/100 mg once daily was compared with 
300/100 mg once daily plus etravirine 200 mg twice daily. 
Atazanavir/ritonavir 400/100 mg resulted in atazanavir 
exposure similar to 300/100 mg in the absence of etravirine, 
and etravirine exposure was only modestly lower (16%) than 
historic data. Because no significant difference was observed 
in virologic outcomes or safety parameters between the two 
atazanavir/ritonavir doses, the authors concluded a dose 
increase of atazanavir/ritonavir to 400/100 mg was not 
necessary in combination with etravirine [52]. Etravirine 
should not be combined with PIs administered without a 
PK enhancer due to lower PI exposure [11, 44].

4 � Pharmacogenomics

A two-step pharmacogenetics-based population PK study 
among HIV-1-infected patients was used to evaluate both 
genetic and non-genetic factors associated with etravirine 
metabolism. Etravirine mean CL/F, Vd, and mean duration 
of absorption time (D1) were determined using 289 etra-
virine plasma samples from 144 patients: CL/F 41 L/h (CV 
51.1%); Vd 1325 L; D1 1.2 h. Coadministration of daruna-
vir/ritonavir and tenofovir disoproxil fumarate were identi-
fied as non-genetic factors associated with an increase in 
etravirine CL/F, 40% (95% CI 13–69%) and 42% (95% CI 
17–68%), respectively. Only one genetic factor, the single 
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nucleotide polymorphism (SNP) rs4244285 (CYP2C19*2), 
was associated with a change in etravirine CL/F, resulting in 
a 23% (95% CI 8–38%) reduction in CL/F [35]. The effect of 
CYP3A5*3 polymorphism expression on darunavir plasma 
concentrations was evaluated with and without etravirine. 
Darunavir concentrations, in the presence of concomitant 
etravirine (and ritonavir) were significantly lower in two sub-
groups of patients expressing the CYP3A5*3 SNP (n =13) 
compared with patients without the SNP (n =16): darunavir/
ritonavir 800/100 mg daily, 1385 ng/ml (95% CI 886–2165) 
versus 3141 ng/ml (95% CI 2042–4831); darunavir/ritonavir 
600/100 mg twice daily, 1486 ng/ml (95% CI 725–3044) 
versus 3141 ng/ml (95% CI 2042–4831) [53]. A population 
PK modeling study using 4728 plasma etravirine concentra-
tion samples from 817 adult patients from four clinical trials 
found higher etravirine concentrations among CYP2C9 and 
CYP2C19 slow metabolizers [54].

5 � Pharmacodynamics

5.1 � Antiviral Activity

In vitro etravirine antiviral activity was observed against all 
HIV-1 group M viruses (EC50 < 5 nM; fold change in EC50 
values [FC] < 4). Reduced antiviral activity of etravirine was 
observed in HIV-1 group O (EC50 = 13 nM; FC = 9.9) and 
HIV-2 viruses (EC50 = 3.5 µM). Etravirine exhibited activity 
against 97% of NNRTI-resistant strains (EC50 < 100 nM). 
EC50 values > 10 nM with FC > 10 were observed for etra-
virine among three HIV-1 viruses harboring resistance 
(L100I + K103 N, Y181I, F227C) [2].

5.2 � Resistance

Unlike first-generation NNRTIs (efavirenz, nevirapine), the 
single mutation K103 N has no effect on etravirine antiviral 
activity. The development of etravirine resistance requires 
selection for multiple HIV drug resistance mutations likely 
secondary to its adaptability through molecular structural 
flexibility [2, 55]. In vitro drug resistance selection studies 
have identified that L100I, K101P, V179I/F, Y181C, G190E, 
M230L, and Y318F may affect etravirine activity [55, 56]; 
yet, the presence of single mutations at L100I, K101P, and 
Y181C have clinically reduced the susceptibility and effi-
cacy of etravirine [18, 55, 56].

5.3 � Children/Adolescents

Etravirine has been evaluated in children (1 to < 12 years of 
age) and adolescents (≥ 12 to < 18 years of age). A phase 
I/II study of etravirine in combination with an optimized 

background regimen that included a ritonavir-boosted PI 
was conducted in children split into two age-based cohorts 
(cohort 1: 2 to < 6 years of age; cohort 2: 1 to < 2 years of 
age). Twenty-five participants received weight-band etra-
virine dosing: 75 mg twice daily (8 to < 10 kg); 100 mg 
twice daily (10 to < 20 kg); and 125 mg twice daily (20 
to < 25 kg) [39, 40]. Of those completing 24 weeks, virologic 
suppression (intent to treat [ITT]; HIV RNA < 400 copies/
mL) was 94% (15/16) and 25% (1/4) in cohorts 1 and 2, 
respectively. One participant in cohort 1 and three in cohort 
2 experienced virologic failure; the authors stated the major-
ity of resistance mutations observed were similar to those in 
adults. Two participants in cohort 2 had AUC​12 below the 
10th percentile, potentially explaining the lower rate of viro-
logic suppression in that cohort. Rash was the most common 
adverse event occurring in 17 participants (cohort 1, n =13; 
cohort 2, n =4) [39]. Overall, the safety of etravirine in this 
pediatric population was consistent with its use in adults [39, 
57]. The poorer virologic response in children 1 to < 2 years 
of age (cohort 2) forms the basis for approval in children 2 
years of age and older.

A phase I study among virologically suppressed (HIV 
RNA < 50 copies/mL) children and adolescents (6–17 years 
of age) on a lopinavir/ritonavir-based ART regimen evalu-
ated etravirine PK and dosing, using dosing of 4 mg/kg 
twice daily or 5.2 mg/kg twice daily. All patients remained 
virologically suppressed (< 50 copies/mL) independent of 
etravirine dosing treatment arm [10]. The PIANO (Paedi-
atric study of Intelence As an NNRTI Option) study, was 
a single-arm, open-label, phase II evaluation of etravirine 
added to failing background regimens in treatment-experi-
enced children and adolescents. With the addition to etra-
virine, 57 of 101 (56%) participants achieved virologic sup-
pression (HIV RNA < 50 copies/mL, ITT) at week 48 [6]. 
Newly emergent NNRTI resistance was detected in 18 of 30 
(60%) participants who were not virologically suppressed, 
of which Y181C was the most commonly detected (n =8). 
Other emergent resistance mutations observed were V90I, 
L100I, and E138A, in three participants each [5, 6]. Lower 
weight, Asian race, and adolescence were identified as nega-
tive predictors of etravirine exposure. An exposure–response 
relationship was observed, with fewer participants achieving 
virologic suppression in the lower AUC​12 quartile (lowest 
AUC​12 quartile: ≤ 2704 ng·h/mL; virologic suppression: 41% 
vs. 67–76%) [34].

Etravirine is indicated for use in third-line therapy in 
treatment-experienced children (2–12 years of age) and 
adolescents (13 to < 18  years of age) weighing at least 
10 kg. Dose recommendations are 100 mg twice daily (10 
to < 20 kg), 125 mg twice daily (20 to < 25 kg), 150 mg 
twice daily (25 to < 30 kg), and 200 mg twice daily (≥ 30 kg) 
[18, 39, 58].



149Etravirine Pharmacokinetics and Pharmacodynamics

5.4 � Adults

5.4.1 � Antiretroviral Therapy (ART) Treatment‑Experienced 
Persons

In the etravirine DUET-1 and DUET-2 trials, ART-experi-
enced adults with documented virologic failure, PI resist-
ance (three or more drug resistance mutations) and NNRTI 
resistance (one or more drug resistance mutation) were 
randomized 1:1 to receive either etravirine 200 mg twice 
daily or placebo in addition to their current ARV regimens 
consisting of ritonavir-boosted darunavir with or without 
enfuvirtide [59–61]. The proportion of participants main-
taining virologic suppression (HIV RNA < 50 copies/mL) 
was significantly higher in the etravirine arm compared with 
placebo (time to loss of virologic response (TLOVR): 57% 
vs. 36%; p <0.0001) in the 96-week pooled analyses [62]. 
In subgroup analyses, the etravirine arm demonstrated an 
improved virologic response compared with placebo regard-
less of baseline characteristics [63]. Higher background regi-
men activity (two or more active agents) resulted in better 
virologic response [64]. No associations were found between 
etravirine PK and virologic response or safety [12].

The Monetra study evaluated once-daily etravirine in 
virologically suppressed, NNRTI-experienced patients 
receiving etravirine 200 mg twice daily. After switching 
to etravirine 400 mg once daily, 23 of 24 (95%; 95% CI 
78.4–99.7) patients at week 24 and 19 of 24 (85%; 95% CI 
65.6–95.8) patients at week 48 maintained virologic sup-
pression [65]. In the Etraswitch study, virologically sup-
pressed, treatment-experienced patients received boosted 
PI-based regimens were randomized to switch from the 
boosted PI to etravirine 400 mg once daily or remain on 
the same regimen. Virologic suppression between treatment 
arms was similar: 20 of 22 (90.9%) in the etravirine arm and 
20 of 21 (95.2%) in the control arm (ITT analysis, p =0.58). 
No protocol-defined virologic failures occurred [66]. On not 
responding to ART, treatment-experienced patients with 
multidrug resistance (three or more PI mutations, three or 
more NRTI mutations, three or fewer darunavir-associated 
resistance mutations, and three or fewer NNRTI mutations) 
were switched to etravirine 200 mg twice daily in combina-
tion with raltegravir 400 mg twice daily and darunavir/rito-
navir 600/100 mg twice daily as a salvage regimen (n =100). 
The combination demonstrated high rates of virologic sup-
pression at 24 weeks (90%; 95% CI 85–96%) and 48 weeks 
(86%; 95% CI 80–93%) [67].

An NRTI-sparing regimen of darunavir/ritonavir 
plus once-daily etravirine was studied in 54 patients in 
INROADS, a single-arm study of ART-naïve and -experi-
enced patients. Naïve patients had at least one transmitted 
resistance mutation to either efavirenz or nevirapine, and 
no resistance to either darunavir or etravirine. Treatment 

experienced patients did not have resistance to either daru-
navir or etravirine and had not experienced more than two 
virologic failures while taking a PI-based regimen. Viro-
logic suppression at week 48 was achieved in 40 of 45 
(89%; 95% CI 79.7–98.1) subjects in the ITT, non-virologic 
failure censored population, and in 37 of 54 (69%; 95% CI 
56.1–80.9) subjects by FDA snapshot analysis in the ITT 
population. Seven patients (13%) experienced virologic fail-
ure, three non-responders and four rebounders. Two who 
did not respond to treatment developed emergent etravirine 
resistance-associated mutations, including L100I, E138G (in 
both patients), Y181C, and M230L [68]. The recent single-
arm ETRAL study evaluated etravirine (200 mg twice daily) 
plus raltegravir (400 mg twice daily) among 165 participants 
virally suppressed on a boosted PI regimen and naïve to 
INSTIs or etravirine, and demonstrated 98.7% virologic sup-
pression (ITT, 95% CI 95.0–99.7) at 96 weeks [69].

5.4.2 � ART‑Naïve Patients

In a single-arm study of ART-naïve participants (n =79), 
etravirine was administered as 400 mg once daily, with a 
NRTI backbone of tenofovir disoproxil fumarate/emtric-
itabine. At week 48, 61 of 79 participants (77%; 95% CI 
66–86%) achieved virologic suppression. Eleven partici-
pants (14%) experienced virologic failure; genotype testing 
in three of five patients with HIV RNA > 500 copies/mL 
revealed all three developed emergent drug resistance. Two 
patients had single mutations; one with E138 K and one 
with Y181C. The remaining patient had numerous muta-
tions, including V75I, E138 K, Y181C, M184I, K219E, and 
M230L. Adverse events (higher than grade 2) occurred in 18 
patients (22.8%), with rash being the most common in five 
patients (6.3%) [70].

The Study of Etravirine Neuropsychiatric Symptoms ver-
sus Efavirenz (SENSE) trial compared once-daily etravirine 
(n =79) with efavirenz (n =78), both in combination with 
two NRTIs, among treatment-naïve participants. Etravirine 
demonstrated non-inferiority to efavirenz at week 48 in both 
the ITT and per-protocol analyses (76% vs. 74% and 92% vs. 
89%, respectively; p <0.05). Eleven patients (etravirine arm, 
four; efavirenz arm, seven) experienced virologic failure by 
the TLOVR algorithm. No NNRTI- or NNRTI-emergent 
drug resistance was observed in the four patients (5.1%) 
with virologic failure in the etravirine arm. Three of seven 
patients in the efavirenz arm developed emergent drug resist-
ance—one with V106I and M184I, one with K103 N, and 
one patient with K103 N, P225H, and M184 V [71].

In these two small studies investigating etravirine use 
in treatment-naïve patients, etravirine was efficacious, but 
not to the same degree as currently recommended first-line 
therapies [72–76]. The development of etravirine-specific 
drug resistance mutations was observed in a small number of 
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participants; the safety profile was acceptable, with few neu-
ropsychiatric adverse events. Due to the small populations in 
these studies, more data are needed to support etravirine use 
as first-line therapy in treatment-naïve patients.

5.4.3 � Special Populations

In phase IV studies, etravirine (200 mg twice daily) was 
investigated among HIV-infected pregnant women in the 
second or third trimester. Lower etravirine CL/F (52% 
reduction) and higher Cmax and C12 (39 and 36% increases, 
respectively) were observed but were considered not signifi-
cant. Ten of 13 (77%) and 9/12 (75%) participants had HIV 
RNA < 50 copies/mL in the third trimester and at delivery, 
respectively. Data for 13 study infants available showed all 
were HIV negative. However, three infants (23.1%) were 
born with congenital abnormalities [38]. Etravirine 200 mg 
twice daily administered with an optimized background 
regimen was evaluated in 15 women in the second trimester 
of pregnancy. Except for one participant, all women had 
HIV RNA < 400 copies/mL throughout the study period. 
Of the participants receiving continued treatment through-
out the study, 12/13 (92.3%) and 10/11 (90.9%) had HIV 
RNA < 50 copies/mL in the second and third trimesters, 
respectively. The authors concluded etravirine demonstrated 
acceptable safety [77]. Etravirine penetrates well into breast 
milk, with higher concentrations observed in breast milk 
than in plasma.

5.5 � Safety

Etravirine has been associated with minimal adverse events 
and demonstrated a favorable safety profile throughout the 
clinical trials. Rash was most common compared with pla-
cebo (20.5% vs. 11.8%; p  < 0.0001) in the pooled 96-week 
analysis of DUET-1 and DUET-2. Rash development was 
mild to moderate in nature and resolved within 1–2 weeks 
with continued treatment. Discontinuation due to rash was 
low in both the etravirine (2.2%) and placebo (0%) arms. 
Women were more likely than men to develop a rash in the 
etravirine arm (31.7% vs. 19.3%; p =0.029) but not in the 
placebo arm (11.6% vs. 11.8%). The overall incidence of 
hepatic adverse events was similar between treatment arms 
(etravirine 8.7% vs. placebo 7.1%; difference 1.6%; 95% CI 
− 1.5 to 4.6%). There was a trend for higher rates of grade 3 
or 4 elevated triglycerides (TG) and total cholesterol (TC) 
but not low-density lipoprotein (LDL) with etravirine ver-
sus placebo (TG: 11.3% vs. 7.0%, p  = 0.0117; TC: 9.2% 
vs. 6.0%, p  = 0.0379; LDL: 9.4% vs. 8.1%, p  = 0.4704) 
[57]. Changes in lipids were less commonly observed in 
etravirine-treated persons compared with efavirenz in the 
SENSE trial in a univariate analysis of change in lipid mark-
ers from baseline to week 48 (TC: efavirenz 4.2–5.2 mmol/L 

vs. etravirine 4.3–4.7 mmol/L, p  < 0.001; LDL: efavirenz 
2.4–3.0 mmol/L vs. etravirine 2.6–2.8 mmol/L, p =0.001; 
high-density lipoprotein: efavirenz 1.0–1.3 mmol/L vs. etra-
virine 1.1–1.2 mmol/L, p = 0.028) [78].

The presence of neuropsychiatric adverse events was 
thoroughly evaluated in the DUET trials and between etra-
virine and efavirenz. No significant difference was observed 
in the frequency of neuropsychiatric adverse events between 
etravirine and placebo (difference −2.2%; 95% CI − 7.6 to 
3.2%). However, a previous history of psychiatric disor-
ders was associated with the incidence of neuropsychiatric 
adverse events (etravirine: p < 0.0001; placebo: p = 0.0728). 
In further analyses of neuropsychiatric adverse events, the 
frequency per 100 patient-years was lower in the etravirine 
arm compared with placebo (12.6 vs. 16.8; relative risk 
0.75; 95% CI 0.54–0.96) [57]. Patients treated with etra-
virine experienced lower rates of neuropsychiatric adverse 
events in the SENSE trial compared with efavirenz. The 
incidence of grades 1–4 neuropsychiatric adverse events in 
both treatment arms was highest at week 2 (efavirenz 39.7% 
vs. etravirine 13.9%; p < 0.001) and remained higher in the 
efavirenz arm at week 48 (21.5% vs. 6.3%; p = 0.011) [71].

6 � Interpretations and Conclusions

Etravirine is a second-generation NNRTI, active against 
wild-type and NNRTI-resistant HIV, offering an alterna-
tive ARV for HIV-infected individuals with first-generation 
NNRTI resistance. The DHHS HIV treatment guidelines 
recommend etravirine only as twice-daily therapy, admin-
istered in combination with other ARVs in treatment-
experienced children, adolescents, and adult persons. The 
clinical use of etravirine is limited by its poor palatability 
and twice-daily dosing. Once-daily etravirine for treatment-
experienced patients is considered by some providers, given 
similar PK exposure and effectiveness (see Sect. 5.4.2) [65, 
66], to reduce pill burden. This may be particularly use-
ful in settings where therapeutic drug monitoring (TDM) 
is feasible, and appropriate exposure can be documented. 
Calcagno et al. described a putative etravirine Cmin threshold 
of 300 ng/mL, as well as a weighted genotypic inhibitory 
quotient (276 ng/mL), which may provide useful guidance 
for clinicians with access to TDM and seeking to utilize 
once-daily dosing [79]. However, the benefits of once-daily 
dosing in this population should be fully considered and 
thought to outweigh the potential risks of virologic failure 
and further development of HIV drug resistance. Larger tri-
als are needed to validate the use of once-daily dosing for 
treatment-naïve persons, considering the currently recom-
mended first-line regimens have higher efficacy rates than 
the 74–77% found with once-daily etravirine among treat-
ment-naïve patients [70–76].
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Etravirine has demonstrated an acceptable safety pro-
file. Etravirine use in pregnant women shows exposure is 
increased 1.2- to 1.6-fold in pregnant women; however, no 
dose adjustment during pregnancy is recommended. While 
etravirine was well tolerated during the studies in pregnant 
women, the data are not sufficient to establish safety in the 
mother and infant or to assess teratogenicity. No dosage 
adjustments are recommended for etravirine use in patients 
with renal impairment or mild to moderate hepatic impair-
ment. Data for etravirine in severe hepatic impairment are 
lacking and its use is not recommended. Special attention 
should be given with regard to bi-directional DDIs when 
using etravirine, as etravirine may be both a victim and 
perpetrator of drug interactions because it is a substrate for 
CYP3A4, CYP2C9, and CYP2C19, an inducer of CYP3A, 
and an inhibitor of CYP2C9 and CYP2C19.
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