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Abstract: Efavirenz is a non-nucleoside reverse transcriptase inhibitor (NNRTI), used for the 

treatment of human immunodeficiency virus (HIV)-1 infection. Approved by the US Food and 

Drug Administration in 1998, its indication was recently extended to include children as young 

as 3 months of age. The World Health Organization and many national guidelines consider 

efavirenz to be the preferred NNRTI for first-line treatment of children over the age of 3 years. 

Clinical outcomes of patients on three-drug antiretroviral regimens which include efavirenz are 

as good as or better than those for patients on all other currently approved HIV medications. 

Efavirenz is dosed once daily and has pediatric-friendly formulations. It is usually well tolerated, 

with central nervous system side effects being of greatest concern. Efavirenz increases the risk 

of neural tube defects in nonhuman primates and therefore its use during the first trimester of 

pregnancy is limited in some settings. With minimal interactions with antituberculous drugs, 

efavirenz is preferred for use among patients with HIV/tuberculosis coinfection. Efavirenz 

can be rendered inactive by a single point mutation in the reverse transcriptase enzyme. Newer 

NNRTI drugs such as etravirine, not yet approved for use in children under the age of 6 years, 

may maintain their activity following development of efavirenz resistance. This review highlights 

key points from the existing literature regarding the use of efavirenz in children and suggests 

directions for future investigation.
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Introduction
The number of children under the age of 15 years living with the human immuno-

deficiency virus (HIV) increased from 1.6 million in 2001 to 3.3 million in 2012. In 

2012, there were 260,000 new infections among children less than 15 years of age.1 

In the absence of treatment, approximately 50% of HIV-infected infants die before 

2 years of age.2 With treatment, HIV is a chronic disease rather than a death sentence.3 

Unfortunately, in 2012, only 28% of children estimated to need antiretroviral treat-

ment (ART) in low-income and middle-income countries had access, lagging behind 

the 58% coverage for adults.1 Criteria for initiation of ART in HIV-infected children 

are summarized in Table 1.

The pathogenesis of HIV-1 and HIV-2 infection and the general virological and 

immunological principles underlying the use of ART are similar for all HIV-infected 

patients, but unique considerations exist for infected children.4 Mother-to-child trans-

mission represents the most common cause of pediatric HIV infection, the majority 

of cases occurring in the peripartum period. Postpartum infection of infants occurs 

primarily through breastfeeding, which globally accounts for roughly one third of 
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Table 1 When to start antiretroviral treatment in HIV-infected children according to current US, European, and WHO guidelines

Age Immunologic and clinical criteria US 201210 PENTA 200921 WHO 201322

,12 months • �Regardless of clinical symptoms,  
CD4% or viral load

Treat (AI for  
,12 weeks of age;  
AII for .12 weeks)

Treat all • �Initiate ART in all regardless of WHO clinical 
stage or CD4 cell counta

1 to  
,3 years

• �AIDS or significant HIV-related  
symptomsb

Treat (AI*) Treat CDC stage B 
or C/

• �Initiate ART in all regardless of WHO clinical 
stage and CD4 cell count

• �Prioritize initiation of ART in all HIV-infected 
children #2 years of age or with severe/
advanced HIV disease (WHO clinical stage 3  
or 4) or with CD4 count #750 cells/mm3  
or ,25%

• �Confirmed CD4 ,25% or CD4  
count ,1,000 cells/mm3, regardless  
of symptoms or HIV RNA level

Treat (AII) WHO stage 3 or 4 
Treat ,25% or  
,1,000 cells/mm3

• �Asymptomatic or mild symptomsc  
and CD4 $25% or $1,000 cells/mm3

Considerd (BIII) Consider  
.100,000 copies/mL

3 to  
,5 years

• �AIDS or significant HIV-related  
symptomsb

Treat (AI*) Treat CDC stage B or  
C/

• �Confirmed CD4 ,25% or CD4  
count ,750 cells/mm3, regardless  
of symptoms or HIV RNA level

Treat (AII) WHO stage 3 or 4 
Treat ,20% or  
,500 cells/mm3

• �Asymptomatic or mild symptomsc  
and CD4 $25% or $750 cells/mm3

Considerd (BIII) Consider  
.100,000 copies/mL

$5 years • �AIDS or significant HIV-related 
symptomsb

Treat (AI*) Treat CDC stage B or  
C/

• �Initiate ART if CD4 cell count is #500 cells/
mm3 regardless of WHO clinical state

- � As a priority, initiate ART in all children with 
severe/advanced HIV disease (WHO clinical 
stage 3 or 4) or CD4 count #350 cells/mm3

• �Initiate ART regardless of CD4 cell count
- �W HO clinical stage 3 or 4
- � Active tuberculosis

• �Confirmed CD4 #500 cells/mm3,  
regardless of symptoms or HIV  
RNA level

Treat (AI* for  
CD4,350 cells/mm3  
and BII* for CD4  
350–500 cells/mm3)

WHO stage 3 or 4 
Treat ,350 cells/mm3

• �Asymptomatic or mild symptomsc  
and CD4 $500 cells/mm3

Considerd (BIII) Consider  
.100,000 copies/mL

Notes: Rating of recommendations: A, strong, B, moderate, C, optional rating of evidence (I, one or more randomized trials in children with clinical outcomes and/or 
validated endpoints; I*, one or more randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in children from one 
or more well designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; II, one or more well designed, nonrandomized trials or 
observational cohort studies in children with long-term outcomes; II*, one or more well designed, nonrandomized trials or observational studies in adults with long-term 
clinical outcomes with accompanying data in children from one or more similar nonrandomized trials or cohort studies with clinical outcome data; III, expert opinion). 
aInitiate in all HIV-infected children younger than 18 months with a presumptive clinical diagnosis of HIV infection; bCDC Clinical Category C and B (except for single episode 
of serious bacterial infection); cCDC Clinical Category A or N or only a single episode of serious bacterial infection; ddata supporting this recommendation are stronger if 
plasma HIV RNA level is .100,000 copies per mL (BII).
Abbreviations: ART, antiretroviral treatment; HIV, human immunodeficiency virus; PENTA, Pediatric European Network for Treatment of AIDS; WHO, World Health 
Organization; AIDS, acquired immunodeficiency syndrome; CDC, Centers for Diseases Prevention and Control.

all cases of perinatal HIV.5 HIV RNA levels remain high 

throughout infancy due to immaturity of the immune system. 

Infants have a high risk of clinical progression, regardless 

of their CD4+ T lymphocyte counts.6,7 Good clinical and 

immunological outcomes have been reported with pediatric 

ART.8,9 However, compared with adults, fewer children 

achieve virologic suppression. The lower success in pediat-

ric treatment may be related to higher baseline viral loads, 

decreased innate ability to control the infection, difficulties 

with medication adherence, and differences in the pharma-

cokinetics of ART.10

As in adults, a combination of at least three antiretroviral 

drugs from at least two different drug classes is recommended 

for the initial treatment of HIV-infected infants and children.11 

These ART combinations provide the best opportunity to 

preserve immune function and halt disease progression.12 

In choosing pediatric ART regimens, practitioners consider 

the safety profile, drug potency, availability of pediatric 

formulations, and compatibility with other drugs.10 Consis-

tent high-level adherence to ART is critical. Barriers to adher-

ence include frequent dosing, food and fasting requirements 

for some drugs, high pill burdens/liquid volumes, palatability 

problems, and drug toxicities.13 Poor adherence can result not 

only in treatment failure, but also in resistance to available 

antiretroviral agents (ARVs).14

Treatment of HIV infection in children is complicated by 

the fact that most ARVs are approved for pediatric use on the 

basis of efficacy data extrapolated from adult studies, with 

only limited pediatric pharmacokinetic data. Adult dosing 

does not directly translate to pediatric dosing, particularly 

in young infants, and the likelihood of toxicity and viral 

resistance may be increased by physiologic changes that 

introduce pharmacokinetic variability during maturation.15 

More than 25 ARVs are licensed worldwide for the treatment 

of HIV-infected adults, but many are unlicensed and/or do 

not have appropriate formulations for children up to 2 years 
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of age (Table 2). Treatment options for children are therefore 

limited, especially in resource-poor settings.16

Although ART remains unavailable to most HIV-infected 

children worldwide, tremendous advances in treatment access 

have been made in the last decade, bringing a new era of 

hope in communities previously devastated by HIV.17 First-

line treatment in children typically involves two drugs from 

the nucleoside reverse transcriptase inhibitor (NRTI) family 

and one drug from either the non-nucleoside reverse tran-

scriptase inhibitor (NNRTI) or protease inhibitor families. In 

both resource-limited and high-resource settings, the NNRTI 

efavirenz is commonly included in first-line regimens for chil-

dren over the age of 3 years. This review focuses on the use of 

efavirenz in infants, children, and adolescents, and highlights 

future avenues for research related to use of this agent.

NNRTI in the treatment  
of HIV-infected children
ARVs are classif ied into f ive major classes: NRTIs, 

NNRTIs, protease inhibitors, entry inhibitors (including 

fusion inhibitors and CCR5 antagonists), and integrase 

inhibitors (Table 2).10 NNRTIs bind directly and noncom-

petitively to reverse transcriptase, causing a conforma-

tional change and disrupting the enzyme’s catalytic site.18 

Because of the Y188L polymorphism present naturally 

in HIV-2, NNRTIs are not effective for the treatment of 

HIV-2.19

Currently there are four NNRTIs licensed for the treat-

ment of HIV in adults, ie, nevirapine, efavirenz, etravirine, 

and rilpivirine. The first-generation NNRTIs, nevirapine and 

efavirenz, fulfill key roles in ART for HIV-infected children. 

They are extensively utilized both for lowering the incidence 

of mother-to-child transmission and for treatment throughout 

childhood and adolescence.20 US and European guidelines 

recommend the use of ART comprising two NRTIs with 

either an NNRTI or a protease inhibitor, and the 2013 World 

Health Organization (WHO) guidelines recommend two 

NRTIs plus an NNRTI as first-line ART for HIV-1 in adults 

and children over the age of 3 years. Efavirenz is considered 

the preferred agent and nevirapine is an acceptable alterna-

tive (Table 3).10,21,22

Table 2 List of currently available antiretroviral treatments with 
US Food and Drug Administration approval by age group

Drug class Antiretroviral FDA-approved 
age

Nucleoside/nucleotide*  
reverse transcriptase  
inhibitors

Abacavir
Didanosine
Emtricitabine
Lamivudine
Stavudine
Tenofovir*
Zidovudine

$3 months
$2 weeks
Birth
Birth
Birth
$2 years
Birth

Non-nucleoside reverse  
transcriptase inhibitors

Efavirenz
Etravirine
Nevirapine
Rilpivirine

$3 months
$6 years
Birth
$18 years

Protease inhibitors Atazanavir
Darunavir
Fosamprenavir
Indinavir
Lopinavir
Nelfinavir
Ritonavir
Saquinavir
Tipranavir

$6 years
$3 years
$6 months
$18 years
$2 weeks
$2 years
$1 month
$2 years
$2 years

CCR5 antagonist Maraviroc $16 years
Integrase inhibitors Raltegravir

Elvitegravir
$18 years
$18 years

Fusion inhibitor Enfuvirtide $6 years

Note: *Tenofovir is a nucleotide reverse transcriptase inhibitor whereas the rest of 
the drugs in this class are nucleoside analogs.
Abbreviation: FDA, US Food and Drug Administration.

Table 3 Comparison of guidelines for preferred first-line 
antiretroviral treatment in treatment-naïve pediatric patients

US 201210 PENTA 200921 WHO 201322

Infants and children ,3 years
LPV/r + ZDV +  
(3TC or FTC)
$3 months: LPV/r +  
ABC + (3TC or FTC)

NFV + (ABC or  
ZDV) + 3TC
or
LPV/r + (ABC or  
ZDV) + 3TC

LPV/r + (ABC or 
ZDV) + 3TC

Children $3 years
EFV + (ABC* or ZDV) +  
(3TC or FTC)
or

EFV + (ABC or  
ZDV) + 3TC
or

EFV + ABC + 
3TC

LPV/r + (ABC or ZDV) +  
(3TC or FTC)

LPV/r + (ABC or  
ZDV) + 3TC

or
ATV/r + (ABC or ZDV) +  
(3TC or FTC) if $6 years
Adolescents
EFV + TDF/FTC
or

EFV + (ABC or  
ZDV) + 3TC

EFV + TDF + 
(3TC or FTC)

ATV/r + TDF/FTC
or
DRV/r + TDF/FTC
or
RAL + TDF/FTC

Notes: *HLA-B*5701 genetic tests should be performed before initiating abacavir-
based therapy in this setting, and abacavir should not be given to a child who tests 
positive for HLA-B*5701.
Abbreviations: 3TC, lamivudine; ABC, abacavir; ARV, antiretroviral; ATV, 
atazanavir; EFV, efavirenz; FTC, emtricitabine; LPV/r, lopinavir/ritonavir; NNRTI, non-
nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase 
inhibitor; NVP, nevirapine; PI, protease inhibitor; RAL, raltegravir; RTV, ritonavir; 
TDF, tenofovir; RPV, rilpivirine; ZDV, zidovudine.
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Efavirenz-containing regimens have shown equivalent 

or superior virologic and immunologic responses compared 

with nevirapine.23 Efavirenz is commonly used to compare 

the efficacy of newer ARVs. It is dosed once daily and can 

be coadministered with antituberculosis medications. It is 

available in child-friendly formulations and in a one pill 

once a day fixed-dose combination for adolescents and 

adults.24,25 For all these reasons, it is used widely in HIV-

infected children.

The second generation of NNRTIs, etravirine and rilpi-

virine, were developed to offer a higher genetic barrier to 

resistance and to improve tolerability.26,27 These drugs cur-

rently lack indications for young children, but may be useful 

second-line agents for older children who have developed 

resistance to first-line NNRTIs.28

Pediatric use of efavirenz
Efavirenz was approved by the US Food and Drug Admin-

istration (FDA) in 1998 and quickly became an important 

component of ART.29 Efavirenz noncompetitively inhibits 

wild-type HIV-1 reverse transcriptase without inhibiting 

human cellular DNA polymerases. It has antiretroviral activ-

ity against most HIV-1 isolates, but has reduced activity 

against group O viruses.24

Data on pediatric use of efavirenz that led to its approval 

derived from the Pediatric AIDS Clinical Trials Group 

(PACTG) 382 study, in which 57 HIV-infected NRTI-pre-

treated children received efavirenz in combination with nel-

finavir and one or two NRTIs. The drugs were well tolerated 

and led to sustained virologic suppression in most children 

over the age of 3 years. Almost 15 years after the publica-

tion of the PACTG 382 study results, additional studies have 

shown efavirenz to be an effective option for treatment of 

pediatric HIV in both treatment-naïve and heavily pretreated 

children.30 In May 2013, the FDA expanded the indication 

for efavirenz to children as young as 3 months of age. A 

summary of trials assessing the efficacy and safety of efa-

virenz in naïve and pretreated children is shown in Table 4. 

Most of these studies included relatively small numbers of 

patients and less than 24 months of follow-up time. A large 

study in Botswana with a median follow-up of more than 5 

years had limited toxicity data available. Multisite studies of 

long-term outcomes and toxicities are still needed.

Nevirapine versus efavirenz  
ARV regimens in children
Until 2010, the WHO recommended either nevirapine or 

efavirenz in first-line ART regimens as equally acceptable 

alternatives. Citing a meta-analysis of seven randomized 

controlled trials (n=1,688) comparing nevirapine and 

efavirenz, the 2010 WHO ART guidelines for adults and 

adolescents deemed that the two NNRTIs had comparable 

efficacy, although toxicity profiles favored efavirenz for 

many patients.31 None of the seven trials examined in the 

meta-analysis, however, included children. In light of 

more recent data showing better outcomes in adults on 

efavirenz, the WHO 2013 guidelines name efavirenz as 

the preferred NNRTI. Evidence from pediatric studies 

is similar. A retrospective cohort study of children aged 

3–16 years on efavirenz-based (n=421) or nevirapine-

based (n=383) regimens in Botswana found a 13.5% (95% 

confidence interval [CI] 10.4–17.2) virologic failure rate 

among those on efavirenz-based treatment compared with 

a 26.4% (95% CI 22.0–31.1) virologic failure rate among 

those on nevirapine-based treatment.32 The Cox propor-

tional hazard ratio for failure was 2.0 (95% CI 1.4–2.7; 

log rank P,0.001, favoring efavirenz). In a prospective 

observational cohort study of 250 children aged 0–18 years 

in Uganda, patients on nevirapine-based therapy were 

similarly more likely to experience virologic failure than 

those receiving efavirenz-based treatment (odds ratio 2.5; 

95% CI 1.2–4.9).33

Efavirenz is dosed once daily and comes in variably 

sized capsules and fixed-combination tablets with emtric-

itabine and tenofovir. A liquid formulation is also avail-

able, although its decreased bioavailability and increased 

pharmacokinetic variability make it a less used option.34 

Nevirapine is available as a tablet or oral suspension and 

is usually taken twice daily. An extended-release for-

mulation of nevirapine has recently been shown to have 

acceptable trough levels in children.35 Nevirapine requires a 

lead-in period (typically 2 weeks) during which half-doses 

are administered. Nevirapine has also been associated 

with a higher risk of NNRTI resistance mutations than 

efavirenz.36,37 A higher risk of resistance may be particu-

larly problematic among adolescent patients, who have the 

poorest adherence rates when compared with both adults 

and younger children.1,38

The cost (single dose/fixed-dose combination) of efa-

virenz ($52/$180) remains higher than nevirapine ($31/$131), 

but the WHO reports that the price gap is narrowing.2,31,39 The 

dropping of the price of efavirenz coupled with the accumu-

lating evidence of its superior clinical effectiveness, safety, 

and convenience suggest that efavirenz will increasingly 

be the preferred NNRTI for first-line ART in low-resource 

settings.
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NNRTI-based versus protease  
inhibitor-based ARV regimens  
in children
Preferred regimens for initial ART in children include both 

NNRTI-boosted and ritonavir-boosted protease inhibitor-

based regimens (Table 3). Both types of regimen have good 

virological and immunological efficacy. NNRTIs generally are 

lower in cost, have lower pill burdens, and have fewer meta-

bolic complications, such as dyslipidemia, fat redistribution, 

and insulin resistance, compared with protease inhibitor-based 

regimens. The first-generation NNRTIs are available as generic 

formulations in many low-income and middle-income coun-

tries as well as fixed-dose combinations that do not require 

a cold chain. Given that most HIV-infected children live in 

sub-Saharan Africa and will require lifelong therapy, these are 

important considerations for pediatric HIV treatment.

Both efavirenz and nevirapine can be rendered ineffective 

by a single point mutation, and cross-resistance between the 

two drugs is common. Boosted protease inhibitors have a 

higher barrier to resistance and are more forgiving of adher-

ence lapses. However, with lower pill burden and once-daily 

dosing, adherence may be less of a challenge for patients on 

efavirenz.3,40

The PENPACT-1 (PENTA-9/PACTG 390) study provided 

a head-to-head comparison of pediatric outcomes among 263 

infants and children (age 30 days to 18 years) given NNRTI-

based and protease inhibitor-based regimens. The 131 children 

in the NNRTI groups received either efavirenz or nevirapine 

(61% and 38%, respectively) and the 132 children in the 

protease inhibitor-based groups received lopinavir/ritonavir 

or nelfinavir (49% and 48%, respectively). Efavirenz was only 

given to children $3 years. After 4 years, 73% of the children 

on protease inhibitor-based therapy and 70% of the children on 

NNRTI-based therapy remained on their initial ART regimen 

with no significant difference in the mean reduction in viral 

load between the groups.1,41 This contrasts with the results of 

the International Maternal Pediatric Adolescent AIDS Clinical 

Trials Group (IMPAACT) 1060 trial (see Development of efa-

virenz resistance in children section) that found a significantly 

higher rate of virological failure, treatment discontinuation, or 

death at 24 weeks in children aged ,3 years on nevirapine-

regimens compared with lopinavir/ritonavir.4,42,43 Switching 

from protease inhibitor-based regimens to NNRTI in order 

to simplify ART after virologic suppression can result in 

improvements in total cholesterol, low-density lipoprotein 

cholesterol, triglycerides, and the cholesterol/high-density 

lipoprotein cholesterol ratio, while maintaining virologic 

suppression and immunologic benefits.5,44

Dosing and pharmacokinetics  
of efavirenz in children
Efavirenz is available in 50 mg and 200 mg capsules and in 

600 mg film-coated tablets. A tablet combining efavirenz-

tenofovir-emtricitabine (600 mg/300 mg/200 mg, Atripla®, 

Bristol-Myers Squibb and Gilead Sciences, LLC, Foster 

City, CA, USA) is also approved for once-daily, single tablet 

administration in HIV-infected adolescents and adults.6,7,25 

Efavirenz should be administered on an empty stomach, 

preferably at bedtime, to improve its tolerability. The contents 

of the efavirenz capsules (sprinkles) can be given with 1–2 

teaspoons of food for those who cannot swallow capsules. 

This dosing method has been shown to be bioequivalent to 

a single dose of efavirenz 600 mg given as an intact capsule 

under fasting conditions in healthy adults.8,9,45 Although less 

data are available to recommend this practice in children, 

administration of sprinkles to children with small amounts 

of food is common.

The pharmacokinetics of efavirenz are best described 

by a one-compartment model with first-order absorption 

and elimination. Efavirenz is a mixed inducer/inhibitor of 

cytochrome P450 (CYP)3A4 enzymes. The main pharma-

cokinetic properties of efavirenz are summarized in Figure 1. 

Its prolonged half-life (40–55 hours) enables once-daily 

dosing. The prescribing recommendations for efavirenz in 

children utilize weight-band dosing, with allometric doses 

targeting at least 300 mg/m2 in each band.10,18,24,29 Although 

dosing for children as young as 3 months and as small as 

3.5 kg was recently approved by the FDA, there are concerns 

about increased pharmacokinetic variability in the youngest 

children.11,46,47 Plasma concentrations of efavirenz between 

1.0 mg/L and 4.0 mg/L (3–13 µmol/L) 8–20 hours after 

ingestion is recommended for achieving long-term HIV RNA 

suppression and for limiting side effects. Studies evaluating 

the pharmacokinetics of efavirenz in children are sparse, but 

consistently indicate a high prevalence of virological failure 

with a plasma efavirenz concentration ,1.0 mg/L (Table 5). 

In a West African pediatric study (ANRS 12103), reduction in 

viral load by 12 weeks was greater in children with minimum 

plasma efavirenz concentrations greater than 1.1 µg/mL or 

area under the curve (AUC) greater than 51 µg * hour/mL. 

In PACTG 382, 40% of children on efavirenz had their 

daily doses of efavirenz increased based on assessments of 

the 24-hour AUCs 2 weeks after initiation.12,30 Subsequent 

pediatric studies, using slightly higher doses than PACTG 

382, found an even greater proportion of children with a 

minimum plasma concentration ,1 mg/L, particularly among 

younger children with lower weights.10,48 Mutwa et al found 
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• Oral bioavailability of EFV is 40%–45% without food
Absorption

• Time to peak EFV plasma concentration (Cmax) is ∼2–5 hours
• Steady–state plasma concentrations are reached in 6–10 days
• Food intake with EFV ingestion increases the Cmax and AUC by 40%–80% and 15%–30% respectively compared with fasting. It is

therefore recommended to avoid administration of EFV with a high-fat meal because of potential  for increased absorption

Distribution
• Mean EFV AUC is 55–60 mcg·h/mL, oral clearance of EFV is 10–12 L/h and apparent volume of distribution is 280–500 L.
• EFV readily crosses the blood–brain barrier, with CSF concentrations ranging from 26% to 119% of that in blood plasma
• EFV is highly bound (99.5%–99.75%) to human plasma proteins, mainly albumin

Metabolism
• EFV is predominately metabolized by the CYP450 system to hydroxylated metabolites, which are then glucorinidated
• CYP2B6 and CYP3A4 are the most important isoenzymes. CYP2B6 hydroxylates EFV rapidly and CYP3A4 more slowly
• The metabolism of EFV is auto inducible and multiple drug interaction can occur

Elimination
• EFV has a relatively long half-life: 52–76 hours after a single dose or 40–55 hours after multiple doses
• Elimination: 14%–34% renal, as metabolites; Fecal: 16% to 61%, primarily unchanged
• EFV clearance is not linearly proportional to weight and data are emerging that higher relative dosages may be required in

children older than 3 years of age

Figure 1 Pharmacology and pharmacokinetics of efavirenz.
Abbreviations: EFV, efavirenz; Cmax, peak concentration; AUC, area under curve; CSF, cerebrospinal fluid.

large interpatient variability in plasma efavirenz concentra-

tions among 97 Rwandan children, with a third of children 

having subtherapeutic concentrations.49 The use of the liquid 

formulation of efavirenz in PACTG 382 led to even lower 

AUCs, with 61% of children requiring a dose increase after 

2 weeks of therapy.14,50

Efavirenz is metabolized by polymorphically expressed 

enzymes, allowing for high interpatient pharmacokinetic 

variability. CYP2B6-G516T gene polymorphisms have 

been shown to affect expression of CPY2B6 in the liver.15,51 

The CYP2B6 T/T or G/T genotype at position 516 is more 

common in African-Americans and is associated with 

greater plasma efavirenz exposure compared with the G/G 

genotype. Other polymorphisms in CYP2B6 such as 785AA 

are strongly associated with lower efavirenz levels compared 

with 785GG and 785AG. Efavirenz has higher clearance 

among whites, non-Hispanics and males compared with 

African-Americans, Hispanics, and females. These findings 

are consistent in both adults and children.16,49 Saitoh et al 

found that CYP2B6-G516T gene polymorphisms signifi-

cantly affect the median oral clearance rate of efavirenz in 

71 HIV-infected children. Variability in plasma efavirenz 

levels is also associated with nongenetic factors, such as body 

weight, concomitant medications, and nonadherence.17,52 

Higher plasma efavirenz concentrations are associated with 

increased toxicity.10,53,54

The use of efavirenz is recommended for those with 

tuberculosis coinfection since drug–drug interactions with 

rifampin are a considerable problem with both nevirapine 

and protease inhibitors. The impact that CYP2B6 polymor-

phisms have on children receiving efavirenz concomitant 

with antituberculosis treatment has recently been studied by 

McIlleron et al. Their findings, consistent with several adult 

studies, support maintaining usual efavirenz doses in children 

being treated for tuberculosis with rifampicin-containing 

regimens.18,55,56

Safety and effectiveness  
of efavirenz in children
A summary of the adverse events reported in efavirenz-

based ART regimens in children is shown in Table 6. 

The most commonly discussed toxicities of efavirenz are 

neuropsychiatric adverse reactions.19,57 Mild to moderate 

events such as dizziness, sleep disturbances, vivid dreams, 

nightmares, impaired concentration, and hallucinations have 

been reported in about 50% of adult patients and last for a 
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Table 5 Pharmacokinetic studies of efavirenz in children reporting a high proportion of children with subtherapeutic plasma efavirenz 
concentrations

Study details Number of  
subjects  
(age range)

Other ARV 
(Previous ART)

EFV dose Results

Ren et al96 
(South Africa,  
case series)

15 (2.3–11.3) years 13: EFV + d4T + 3TC 
1: EFV + ZDV + 3TC 
1: EFV + ZDV + ddI

Manufacturer’s weight  
band dosing

Cmin ,1 mg/L in 6 (40%); 5 children had 
detectable VL, 3 of whom had low EFV 
concentrations; marked variability of EFV levels

French National 
Agency for AIDS 
Research and Viral 
Hepatitis (ANRS) 
12103 Hirt et al47 
(Burkina Faso,  
prospective)

48 (30 months  
to 15 years)

EFV-ddI-3TC 
(ARV-naïve)

Manufacturer’s weight  
band dosing

19% (44% of children weighting ,15 kg)  
had Cmin ,1 mg/L
Significantly higher percentage of children with 
Cmin .1.1 mg/L or AUCs .51 mg/L * hour than 
of children with lower values had viral load 
decreases greater than 2 log10 copies/mL after 
3 months of treatment

Viljoen et al97 
(South African,  
prospective)

60 (3–14) years EFV + d4T + 3TC 
(ARV-naïve)

200, 250, 300, 350, 400, and  
600 mg daily for children  
weighing 10–14.9, 15–19.9,  
20–24.9, 25–32.9, 33–40,  
and .40 kg, respectively

From 164 samples taken at 1, 3, and 6 months 
after initiation: 
Cmin ,1 mg/L in 17% 
Cmin ,1–4 mg/L in 58% 
Cmin .4 mg/L in 25%

Antiretroviral 
Research for 
Watoto (ARROW) 
PK Fillekes et al48 
(Uganda, RCT)

41 (3–12) years EFV + ABC + 3TC 2006 WHO/manufacturer’s  
recommended dosage

PK1 at steady state; PK2 4 weeks after
C ,1 mg/L in 7 (17%) at 8 and/or 12 hours 
after dosing
Cmin ,1 mg/L in 15 of 39 (3%) with C24h median 
1.1 (interquartile range 0.7–2.9; range 0.3–18.4) 
C8h and/or C12h .4.0 mg/L in 12 of 41 (29%)

Cressey et al98 
(Thailand,  
prospective)

39 (3–17) years EFV + TDF + 3TC 
(ARV-naïve)

250, 300, 350, 400, and  
600 mg daily for children  
weighing 15–20, 20–25,  
25–32.5, 32.5–40, or  
.40 kg, respectively

Cmin ,1 mg/L in 6 (15%), including 2 of 4 in the 
lowest weight band

Abbreviations: EFV, efavirenz; d4T, stavudine; 3TC, lamivudine; Cmin, minimum concentrations; ARV, antiretroviral; ddI, didanosine; ZDV, zidovudine;  
PK, pharmacokinetic; TDF, tenofovir; ABC, abacavir; WHO, World Health Organization; RCT, randomized controlled trial; ART, antiretroviral treatment; VL, viral load. 

median of 21–28 days, with therapy being discontinued in 

approximately 2% of patients.20,58,59 Taking efavirenz with 

meals may increase AUC and adverse events. Taking it on 

an empty stomach at bedtime improves tolerability.10,20–22,60 

Some patients continue to experience neuropsychiatric 

adverse events and impairment of quality of life well after 

one month.23,61,62

Assessment of central nervous system toxicity is difficult 

in young children, who are typically unable to report such 

problems as inability to concentrate, disturbed sleep, and feel-

ing less steady. Subtle efavirenz-induced changes in behavior 

and slowing of developmental progress may be impossible to 

distinguish, particularly in children who are beginning HIV 

treatment while recovering from severe HIV-related illnesses. 

These children may show dramatic health improvements 

due to their immunologic recovery, while side effects that 

negatively impact their development go unnoticed. In a cohort 

of 378 HIV-infected children in Uganda on NNRTI-based 

regimens, 28% developed ART-related adverse events dur-

ing the 5-year study period. Neurologic events were reported 

in 16% of patients (65% of them in the efavirenz-based 

regimens). In this study, central nervous system events were 

not assessed in children younger than 5 years.24,25,63

In resource-constrained settings, there is a particular 

paucity of information on ART-related adverse events in 

children. Implementation of the WHO 2010 efavirenz dos-

ing guidelines may result in increased virologic suppression 

rates, but higher numbers of children experiencing efavirenz-

related adverse events. The increased potential for sleep 

disturbances and impaired concentration during periods of 

rapid brain development should cause prescribers to carefully 

monitor mental and physical development among young 

patients on efavirenz. A high index of suspicion is necessary 

to detect most neuropsychiatric side effects in children. With 

side effects considered to be mild, the benefits of continuing 

the drug may outweigh the risks, particularly in areas where 

drug options are limited.

During the first 2 weeks of treatment, about 5%–20% of 

adults will develop a skin rash, approximately half the inci-

dence reported with nevirapine. Rashes are more common 
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in pediatric patients initiating efavirenz, occurring in up to a 

third of patients. Efavirenz-related rashes in children occur 

later than those in adults, with a median time of onset of 

28 days. The rashes seen in both children and adults are pre-

sumed to be cell-mediated hypersensitivity reactions. Most 

efavirenz-related rashes resolve within one month without 

need for drug discontinuation. Severe dermatologic toxicity, 

such as Stevens–Johnson syndrome, occurs in about 0.1% 

of cases. Antihistamines and corticosteroids can improve 

symptoms and hasten resolution of these rashes.20,26,27

Hepatic monitoring is recommended for patient initiating 

efavirenz with underlying liver disease and those on other 

drugs with potential for hepatic side effects. Hepatotoxicity 

is more commonly seen with nevirapine (1.4%–17%) than 

efavirenz (1.1%–8%).28,64

A recent meta-analysis of the adverse events associated 

with nevirapine and efavirenz-based first-line regimens 

showed that adults on nevirapine were more than twice 

as likely to discontinue treatment due to adverse events 

compared with those on efavirenz (odds ratio 2.2, 95% 

CI 1.9–2.6). Severe dermatologic and hepatic toxicities 

were more likely among patients on nevirapine. However, 

patients receiving efavirenz were more likely to experience 

severe central nervous system events (odds ratio 3.4, 95% CI 

2.1–5.4). This meta-analysis included four prospective trials 

conducted in children with similar associations.29,65

Switching between NNRTI due to toxicities is sometimes 

recommended. Switches from efavirenz to nevirapine can 

be helpful in the event of severe persistent neuropsychiatric 

adverse events. Substituting efavirenz for nevirapine can 

decrease hepatotoxicity. However, switching between drugs 

when severe life-threatening rashes occur is not recom-

mended due to the association of such reactions with the 

NNRTI class as a whole.24,66

Efavirenz-induced gynecomastia is an increasingly rec-

ognized side effect of ART in both prepubertal and pubertal 

children. Its etiology and natural history are still under debate. 

Outcomes vary from resolution after drug withdrawal to per-

sistent gynecomastia requiring breast reduction surgery.30,67–69 

Gynecomastia is most likely to be reversible if efavirenz is 

withdrawn before fibrotic tissue develops.31,70,71

Efavirenz use in pregnancy
The use of efavirenz in females of reproductive age is cau-

tioned due to concern for teratogenicity. A high number of 

craniofacial defects in cynomolgus monkeys were seen in 

an unpublished but widely cited study.32,72 Case reports of 

human central nervous system/neural tube defects after in 

utero efavirenz exposure were then published, leading the 

FDA to reclassify efavirenz as a class D drug (“evidence 

of human fetal risk”) in 2005. A black box warning recom-

mends against use of efavirenz during the first trimester of 

pregnancy. Despite these concerns and cases, prospective 

reports from the Antiretroviral Pregnancy Registry and cohort 

studies have found no evidence of increased incidence of 

congenital abnormalities among infants born to pregnant 

women who received efavirenz compared with rates in the 

general population.33,73 Ford et al conducted a meta-analysis 

of efavirenz safety in pregnancy and found no increased risk 

of overall birth defects among women exposed to efavirenz 

during the first trimester of pregnancy compared with those 

exposed to other ARVs.74

The teratogenicity concerns have led to a decline in use 

of efavirenz in pregnancy and breastfeeding in developed 

countries, facilitated by the existence of numerous other 

treatment options. In low-resource settings, ART options 

are far more limited and NNRTIs represent the core first-

line drugs. Ouattara et al developed a simulation model to 

project the outcomes of using either efavirenz or nevirapine 

as part of the initial ART in 100,000 women of childbearing 

age in Cote d’Ivoire. Using liberal assumptions regarding the 

teratogenicity of efavirenz, they predicted that using efavirenz 

would result in 911 additional maternal lives saved with a cost 

of 59 additional birth defects.75 Some countries specifically 

recommend efavirenz for first-line treatment for all adults, 

including women with childbearing potential.36,37,76,77 With 

the increased use of HAART in resource-limited settings as 

part of the prevention of mother-to-child HIV transmission 

(PMTCT) of HIV, the development of prospective surveil-

lance systems to allow systematic recording of birth outcomes 

for women receiving ART during pregnancy is essential.

Development of efavirenz  
resistance in children
Although there is no substantial evidence that development of 

resistance differs in children compared with adults, children 

are often maintained longer on failing regimens than adults 

because of fewer pediatric treatment options and increased 

challenges with adherence.78 A systematic review of resistance 

data in children in low-resource countries found that 90% of 

those failing first-line regimens had at least one detectable 

mutation, increasing in frequency with longer duration of 

treatment failure. NNRTI-associated mutations were the most 

common, and found in 88% of the children.79 NNRTIs select 

for mutations in regions near or in the drug-binding pocket, 

particularly codons 98–108 and 179–190. Efavirenz has a low 
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genetic barrier to resistance because a single point mutation 

in the reverse transcriptase gene allows for high-level resis-

tance, increasing the 50% inhibitory concentration by up to 

100-fold. The signature mutation that appears during initial 

failure on efavirenz is the K103N mutation, but the Y188L 

mutation is also commonly seen. After prolonged periods of 

viral replication, other mutations often accumulate (V106M, 

V108I, Y181C/I, G190A/S, P225H).18,20,29

Cross-resistance between the first-generation NNRTIs 

usually precludes sequential use of efavirenz and nevirapine 

after development of resistance. Particular concerns have 

been raised regarding HIV-infected children in resource-

limited settings, where high rates of resistance following 

exposure to nevirapine for PMTCT and widespread use of 

first-line NNRTI-based therapy have been shown to impact 

the effectiveness of therapy and further reduce the treat-

ment options.80–82 The IMPAACT P1060 and Nevirapine 

Resistance Study (NEVERST) clinical trials investigated 

whether previous exposure to nevirapine compromised sub-

sequent nevirapine-containing regimens. IMPAACT P1060 

was prematurely discontinued when the 24-week interim 

analysis showed that infants who had previously received 

single-dose nevirapine had lower rates of virological failure 

and death if treated with lopinavir/ritonavir-based regimens 

compared with nevirapine. For this reason, where feasible, a 

boosted protease inhibitor-based first-line regimen is recom-

mended for children at high risk of NNRTI resistance (ie, 

those exposed to nevirapine as part of PMTCT). Of note, in 

IMPAACT P1060, lopinavir/ritonavir-containing regimens 

also had better outcomes compared with nevirapine in infants 

not exposed to nevirapine. Mutations from PMTCT may fade 

with time, and the degree to which they affect response to 

treatment in older children is less clear.42 The NEVEREST 

study showed that despite previous nevirapine exposure, 

switching to a nevirapine-based regimen after initial virologic 

suppression with lopinavir/ritonavir-based ART works well in 

some children. This trial enrolled 323 children under 2 years 

before efavirenz was approved for use in that age group.83

Rates of drug resistance vary between ARVs and ARV 

classes. The PENPACT-1 study included a second factorial 

randomization in order to compare the effects of switching 

treatment following virologic failure at $1,000 HIV RNA 

copies per mL or $30,000 HIV RNA copies per mL. There 

was no significant difference between viral load subgroups 

in the development of major protease inhibitor or NNRTI 

resistance mutations at the end of follow-up (4 years), 

but significantly more children treated with NNRTIs and 

randomized to switch at $30,000 HIV RNA copies per mL 

developed NRTI mutations compared with those treated with 

protease inhibitors.41

The commonly selected NNRTI mutations do not appre-

ciably decrease the HIV replicative capacity. Therefore, 

there is limited benefit in continuing NNRTI therapy once 

resistance has emerged. Cross-resistance exists between 

nevirapine and efavirenz due to the narrow binding site 

in the hydrophobic pocket of the HIV-1 reverse tran-

scriptase. However, cross-resistance between NNRTIs and 

other classes does not occur. The more recently approved 

NNRTIs, etravirine and rilpivirine, can still be used by 

many patients with resistance to the older NNRTIs.20,84 

While substantially compromising both nevirapine and efa-

virenz, the K103N mutation does not significantly change 

the response to etravirine. In some patients with highly 

resistant virus, cross-resistance to the newer NNRTIs may 

exist. The Y181C mutation, frequently found in patients 

failing nevirapine or efavirenz, impacts the virological 

response to etravirine.85 Contreras et al recently reported 

a series of 33 highly treatment-experienced, perinatally 

HIV-infected children, one third of whom had resistance 

to etravirine despite never having been exposed to that 

drug.86 Similarly, Puthanakit et  al reported that 48% of 

120 NNRTI-pretreated children had significant etravirine 

resistance.87

Research recommendations
With the increased use of ART in resource-limited settings 

both for treatment and for PMTCT, the development of 

prospective surveillance systems to allow systematic record-

ing of birth outcomes for women receiving ART during 

pregnancy and to assess the incidence of rare birth defects 

is essential. The concerns regarding efavirenz toxicity that 

were brought about by nonhuman primate studies which 

have not yet been borne out in human experience will be 

thoroughly tested by large numbers of pregnant women 

taking efavirenz. Close monitoring of these mothers and 

infants is essential to quantifying any true fetal risk of 

efavirenz use.

Further research is also needed to determine the role of 

efavirenz in children exposed perinatally to nevirapine and 

efavirenz. In resource-limited settings where resistance tests 

are not routinely available prior to initiation of HAART, 

lopinavir/ritonavir is becoming the preferred treatment for 

HIV-infected infants. Whether or not these patients can be 

safely switched to efavirenz-based treatment after infancy 

and whether archived mutations will present long-term treat-

ment challenges remain open questions.
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The higher doses of efavirenz recommended by WHO 

to minimize the risk for subtherapeutic efavirenz concen-

trations could increase toxicity levels, particularly in areas 

where many patients have slower-metabolizing phenotypes. 

Long-term side effects such as possible developmental delays 

and gynecomastia need to be better quantified among children 

with extensive experience of treatment with efavirenz, par-

ticularly at higher doses. For children impacted by efavirenz 

resistance and side effects, the safety and utility of newer-

generation NNRTIs also needs to be assessed.
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