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Abstract: We reviewed the current information available on nevirapine immediate- and
extended-release formulations and its role in single-dose and combination antiretroviral therapy.
Nevirapine was approved in 1996 and was the first non-nucleoside reverse-transcriptase inhibitor
available for the treatment of HIV-1 infection. Nevirapine has demonstrated good efficacy and
a well-characterized safety profile. A major drawback is the low genetic barrier, allowing the
emergence of resistance in the presence of single mutations in the reverse-transcriptase gene.
This shortcoming is particularly relevant when nevirapine is administered in a single dose to
prevent mother-to-child transmission of HIV-1 infection, compromising the efficacy of future
non-nucleoside reverse transcriptase—inhibitor regimens. Studies published recently have probed
the noninferiority of nevirapine compared to ritonavir-boosted atazanavir with both tenofovir
disoproxil fumarate and emtricitabine in antiretroviral treatment—naive patients. In 2011, a
new formulation of nevirapine (nevirapine extended release) that allowed once-daily dosing
was approved by the Food and Drug Administration and by the European Medicines Agency.
VERxVe, a study comparing nevirapine extended release with nevirapine immediate release in
antiretroviral treatment—naive patients, and TRANXITION, a study carried out in antiretroviral
treatment—experienced patients who switched therapy from nevirapine immediate release to
nevirapine extended release, provided data on the noninferiority of the new formulation of nevi-
rapine compared with nevirapine immediate release in terms of efficacy and safety. Nevirapine
extended release will further increase the durability and persistence of nevirapine-containing
antiretroviral therapy, allowing once-daily dosing regimens.
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Introduction

Nevirapine is a non-nucleoside reverse-transcriptase inhibitor with an extensive
history. It was approved in 1996 by the US Food and Drug Administration for use in
adult patients infected with HIV-1 and thereafter by the European Medicines Agency
in 1997; in 1998, nevirapine was approved for use in children.

Trials in antiretroviral treatment—naive patients carried out early this century showed
that nevirapine had a comparable efficacy to indinavir, nelfinavir, and efavirenz. Due
to its high potency, no food effect, low pill burden, and low cost, antiretroviral drug
combinations containing nevirapine are considered first-line regimens in developing
countries.'?

The major disadvantages of nevirapine are the risk of serious adverse effects, such
as hepatotoxicity and cutaneous reactions, related to baseline CD4 lymphocyte cell
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counts,® and the low genetic barrier, allowing the emer-
gence of resistance with single mutations in the reverse-
transcriptase gene.*

Nevirapine is available as 200-mg tablets and as oral solu-
tion — 50 mg per dL (240-mL bottle). The recommended dose
is 200 mg once daily for the first 2 weeks, and then 200 mg
twice daily. A new formulation of nevirapine — nevirapine
extended-release (XR) —has been developed for the purpose
of daily dosing at 400 mg (administered after a 200-mg daily
lead-in period). For pediatric populations, nevirapine XR is
also available in 100-mg and 50-mg tablets.’

An extended-release formulation of nevirapine may offer
improved treatment options for once-daily antiretroviral regi-
mens, with greater convenience and patient adherence. In this
review, we summarize the current information available on
nevirapine immediate-release (IR) and XR formulations and its
role in single-dose and combination antiretroviral therapy.

Search strategy and selection

criteria

We searched Medline by using the medical subject head-
ing terms (“nevirapine” [MeSH terms] or “nevirapine”
[all fields]) and extended-release (all fields) or ((“nevirap-
ine” [MeSH Terms] or “nevirapine” [all fields]) and XR
[all fields]) between March 2008 and June 2012, but we did
not exclude commonly referenced and highly regarded older
publications. We also searched the reference lists of review
articles on nevirapine for additional papers we judged to be
relevant for this review.

Mode of action

Nevirapine is structurally a member of the dipyridodiazepi-
none chemical class of compounds, and is a non-nucleoside
reverse-transcriptase inhibitor with activity against HIV-1.
Nucleoside and non-nucleoside reverse-transcriptase inhibi-
tors inhibit the same target: the reverse-transcriptase enzyme,
an essential viral component which transcribes viral RNA
into DNA. Unlike nucleoside reverse-transcriptase inhibi-
tors, which bind at the enzyme’s active site, nevirapine binds
allosterically at a distinct site away from the active site termed
the non-nucleoside reverse transcriptase—inhibitor pocket.
Since the pocket of the HIV-2 reverse-transcriptase enzyme
has a different structure, HIV-2 is intrinsically resistant to
nevirapine.’

Nevirapine is associated with rapid and high-level
resistance if viral replication is not completely suppressed.’
A number of primary reverse-transcriptase mutations, such as
K103N, L1001, Y181C/I, Y188C/L/H, and G190A, have

been identified, resulting in an increase in the 90% inhibi-
tory concentration of greater than 100-fold.® Low trough
plasma nevirapine concentrations are a major determinant
for emergence of virological failure and resistant mutations.’
A nevirapine trough concentration greater than 4300 ng/mL
was found to predict longer viral suppression.'® Emergence
of nevirapine resistance determines the presence of cross-
resistance with delavirdine. Nevirapine cross-resistance with
efavirenz is more variable, and in vitro is commonly seen
with K103N mutation.'! Using nevirapine is also associated
with intermediate and reduced response to etravirine among
HIV-infected patients who experienced virologic failure in
resource-limited settings.'?

Data from a randomized clinical trial comparing fre-
quency and patterns of resistance between nevirapine IR and
nevirapine XR (VERxVe trial) showed similar frequency
and resistance patterns in both antiretroviral-treatment regi-
mens, Y181C being the most commonly detected resistant
mutation."

Pharmacokinetics

Absorption

Nevirapine XR 400-mg tablets should be swallowed whole
with or without food."* Nevirapine XR has shown greater
bioavailability when it is administered with food than with
an empty stomach. Nevertheless, the bioavailability of
nevirapine XR 400 mg is only 80% of nevirapine IR 200 mg
administered twice daily at a steady state.'’

Distribution

Nevirapine XR distributes widely, crosses placenta, enters
breast milk, and penetrates central nervous system with a con-
centration approximately 50% of plasma (cerebrospinal fluid
plasma ratio, 0.50). C__ is 2-4 mg/L, and the area under the
curve (AUC) value is 108.1 mg/hour/L. Sixty percent of nevi-
rapine XR binds to protein. The distribution volume is 1-4 L/kg.
Metabolism is mainly hepatic via cytochrome CYP3A4 by
hydroxylation to inactive compounds. Nevirapine XR provides
similar trough concentrations (C, , atsteady state) as nevirapine
IR; however, missing one dose of nevirapine XR has a greater
effect than missing one dose of nevirapine IR twice daily,
because a larger amount of drug exposure is lost. Half-life
elimination decreases due to autoinduction from 45 hours
initially to 23 hours after 2—4 weeks of dosing.'®

Metabolism and elimination
Nevirapine is biotransformed via cytochrome CY3A4 to
several metabolites.!” Studies using C'*-nevirapine isotopic
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labeling show that 80% of the drug is eliminated by urine
as glucuronide conjugates of hydroxylated metabolites, less
than 5% is eliminated as unmodified nevirapine, and 10%
is eliminated by feces.

Nevirapine XR dosing

Adult patients aged 16 years or older should start treatment
with 200 mg nevirapine IR as a lead-in to reduce the risk of
adverse drug reactions.'* Then, nevirapine XR 400 mg should
be administered once daily. Treatment should be started in
combination with two additional antiretroviral drugs, the
most common being tenofovir disoproxil fumarate/emtricit-
abine and zidovudine/lamivudine. Patients taking nevirapine
IR twice daily can be switched to nevirapine XR 400 mg
without a lead-in period. Laboratory blood tests, including
liver-function tests, should be performed prior to starting
therapy with nevirapine and should be continued at appropri-
ate intervals. In cases of appearance of rash during the 14-day
lead-in period, patients should not start with nevirapine XR
400 mg until the cutaneous reaction has resolved. The 200-mg
lead-in dose should not be continued beyond 28 days, at which
point an alternate regimen should be sought. Patients who stop
nevirapine XR for more than 7 days should restart the same
regimen using a 2-week lead-in period of nevirapine IR.

Dosing in special populations

Elderly

Nevirapine XR has not been investigated in the elderly.
However, the pharmacokinetic parameters of nevirapine IR
do not significantly change in patients with HIV-1 infection
in the age range 19-68 years.

Children
Children’s dosage is 150-200 mg/m? every 12 hours for the
first 2 weeks at the lowest dose; in neonates (up to 3 months
of age), start with 5 mg/kg per day for 2 weeks and increase
to 200 mg/m? every 12 hours. Nevirapine XR has not been
studied in children less than 3 years old. An open-label,
multiple-dose, crossover study carried out in 85 patients
aged 3—18 years, nevirapine XR exhibited pharmacokinetic
profiles that provided adequate geometric trough levels to
maintain efficacy and was well tolerated.'®
Nevirapine-based antiretroviral therapies are common regi-
mens used in children from developing countries. However, it
should be taken into account that nevirapine efficacy is reduced
in children who have been exposed to single-dose nevirapine for
the prevention of perinatal HIV-1 transmission, being nevirap-
ine regimens inferior to ritonavir-boosted lopinavir regimens.*

Short-course zidovudine and lamivudine supplementing
maternal and infant single-dose nevirapine reduces emergent
non-nucleoside reverse transcriptase inhibitor-resistance
mutations in both mothers and their infants.?® Factors that
may contribute to the suboptimal results of nevirapine are the
very high viral load (greater than 500,000 copies/mL) com-
monly observed in children and the standard lead-in dosing
strategy, as has been shown in the P1060 study.'’

Sex

Female patients had approximately 20%—30% higher plasma
concentrations than males after being treated with either
nevirapine XR or nevirapine IR. In the large, multinational
2NN study, analyzing the efficacy and safety of nevirapine IR
compared to efavirenz, plasma concentrations of nevirapine
in females were 13.8% higher than in males. There was no
relationship with body weight, suggesting an independent
sex effect.”!

Recent data in HIV-1—infected women have provided sup-
port for the continued use of nevirapine as a first-line treatment
option in the absence of previous exposure to this drug. The
OCTANE A5208 trial showed that nevirapine, administered
as initial treatment in HIV-1-infected women without previ-
ous exposure to single-dose nevirapine during pregnancy,
was noninferior to ritonavir-boosted lopinavir with respect to
virological failure and death.?> However, for women who had
been exposed to single-dose nevirapine, significantly more of
them reached the primary end point (virological failure, emer-
gence of resistance, and mortality) when they were compared
with the ritonavir-boosted lopinavir group.?

Weight

The 2NN substudy on pharmacokinetics showed no influence
of either body weight or body mass index on the clearance
of nevirapine in a total of 1077 enrolled patients.?!

Race

Nevirapine IR pharmacokinetic parameters did not appear to
change with race (black, Hispanic, or Caucasian).?> However
the study 1100.1486 (VERXVE trial) showed that black
patients had 30% higher trough concentrations after treatment
with either nevirapine XR or nevirapine IR."* The clinical
relevance of such difference in nevirapine XR concentration
in black patients has not been analyzed.

Impaired renal function
There is a lack of information on the effects of renal impair-
ment on exposure to nevirapine XR. Nevirapine is extensively
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metabolized by the liver, and nevirapine metabolites are
eliminated by the kidney, with less than 5% unchanged in
the urine. Experience with nevirapine IR shows that it is not
necessary to modify dosing even with moderate or severe
renal dysfunction. However, for patients with end-stage
kidney disease who are on hemodialysis, there is a 43.5%
reduction in plasma AUC. That situation can be managed by
supplementing nevirapine with an additional 200-mg dose
following each dialysis treatment.?

Impaired hepatic function

Nevirapine XR has not been evaluated in patients with hepatic
impairment. The available information comes from a small
study analyzing the steady state of nevirapine IR 200 mg twice
daily in 46 adult patients with HIV-1 infection and mild liver
fibrosis, moderate fibrosis, and cirrhosis, with a median dura-
tion of treatment of 3.4 years. In general terms, exposure was
increased in proportion to the degree of hepatic impairment:
15% of patients had trough nevirapine concentrations greater
than 9.0 pg/mL.> As the exposure with nevirapine XR is less
than that with nevirapine IR, the risk of adverse reactions is
no more likely if the established precautions are observed.

Interactions
Nevirapine XR formulation has not been specifically
evaluated in interaction studies. However, there is no reason
to expect drug interactions with nevirapine XR formulations
to differ qualitatively from nevirapine IR. Therefore,
precautions regarding drug interactions observed with the
nevirapine IR formulation would also need to be followed
with the XR formulation (Table 1).’

Data obtained from numerous drug-interaction studies
testing nevirapine IR against other antiretroviral drugs,

Table I Drugs in which plasma concentrations may be decreased
by coadministration with nevirapine

Drug class Type of drug

Antiarrhythmics
Antibiotics

Amiodarone, disopyramide, lidocaine
Clarithromycin, rifampin

Anticonvulsants Carbamazepine, clonazepam, ethosuximide

Antifungals Ketoconazole, itraconazole, voriconazole
Antithrombotics Warfarin

Calcium-channel blockers  Diltiazem, nifedipine, verapamil

Cancer chemotherapy Cyclophosphamide

Ergot alkaloids Ergotamine

Immunosuppressants Cyclosporin, tacrolimus, sirolimus

Motility agents Cisapride
Opiate agonists Fentanyl, methadone
Oral contraceptives Ethinyl estradiol

Statins Lovastatin, simvastatin, atorvastatin

antibiotics, antifungals, antacids, contraceptives, drugs of
addiction, and St John’s Wort show potential interactions with
compounds that are substrates for CYP3A and CYP2B6.

The most important drugs requiring dose modification
with concurrent use with nevirapine are listed below.’

Oral contraceptives

Nevirapine decreases AUC for ethinyl estradiol by about
30%; alternative or additional methods of birth control
should be used.

Clarithromycin

Nevirapine reduces clarithromycin AUC by 30%. But on the
other hand, it increases the levels of its 14-OH metabolite,
which has antibacterial activity that compensates for
this reduction; therefore, no dose adjustment is required.
Nevertheless, nevirapine levels increased 26%. The recom-
mendation is using standard doses and monitor or better use
azithromycin.

Ketoconazole
Ketoconazole levels decrease by about 63% and nevirapine
increases 15%-30%; this association is not recommended.

Voriconazole

Although there are no data, a potential decrease in voricon-
azole levels and increase in nevirapine levels are expected.
This association is not recommended.

Rifabutin

Rifabutin levels are decreased by 16%; no dose alteration
is required.

Rifampin

There is a decrease in nevirapine AUC of 20%—-58%.
A pharmacokinetic study has recently shown that in
cotreated patients, nevirapine concentration was below the
minimum effective concentration during initiation with dose
escalation.?® Randomized clinical trials have demonstrated
that antiretroviral therapy regimens containing efavirenz
(600 mg per day) were less compromised by concomitant
use of rifampicin than were those that contained nevirapine
(400 mg per day) in patients with concurrent HI'V-1 infection
and tuberculosis. Low drug exposure and low body weight
were important predictive factors for nevirapine treatment
failure.”” In fact, this trial was halted by the data and safety
monitoring board at the second interim analysis. Favorable
tuberculosis treatment outcomes were observed in 93% of
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patients in the efavirenz arm and 84% of the patients in the
nevirapine arm (P = 0.058). However, the proportion of
severe liver toxicity was very low in both groups (two patients
in the nevirapine arm and one patient in the efavirenz arm).?
In a comparative trial including 142 patients starting tubercu-
losis treatment while receiving non-nucleoside reverse tran-
scriptase inhibitor—based antiretroviral therapy, nevirapine
showed a greater risk of severe hepatotoxicity compared to
efavirenz, although the rate was very low (three patients on
nevirapine and one patient on efavirenz). The study identified
infection caused by the hepatitis C virus as a main determi-
nant for suffering from severe liver toxicity.?’

Phenobarbital, phenytoin, carbamazepine
There are no data. It is necessary to monitor anticonvulsivant
levels; nevirapine levels might be reduced.

Acid-reducing agents
Food or antacids do not affect the absorption of nevirapine.

Hydroxymethylglutaryl coenzyme A

reductase inhibitors

Hypercholesterolemia and high cardiovascular risk are a
major concern in patients with HIV. Nevirapine IR and nevi-
rapine XR show a favorable effect on lipid profile that may be
of clinical benefit in reducing the risk for coronary artery dis-
ease in patients with HIV-1 infection. Moreover, nevirapine
showed a potentially less atherogenic lipid profile compared
with ritonavir-boosted atazanavir.* However, patients may
require additional reduction in plasma lipid concentrations
by means of hydroxymethylglutaryl coenzyme A reductase
inhibitors (statins). Since nevirapine increases the activity
of CYP3A during long-term treatment, patients would be
expected to require greater doses of statins to achieve low-
density lipoprotein cholesterol goals. To prevent toxicity
associated with statin therapy, the use of drugs metabolized
by alternative pathways to CYP3A, such as pitavastatin,
rosuvastatin, or pravastatin, is recommended.’!

Methadone

When introducing efavirenz or nevirapine to patients under-
going methadone treatment, withdrawal symptoms should be
monitored, especially insomnia, vomiting, or nausea. It has
been suggested to monitor methadone plasma trough and
peak measurements to prevent unnecessary side effects of
antiretroviral combination therapy.** Pharmacokinetic studies
suggest increasing the methadone dose by 30% to prevent
withdrawal symptoms.®

Other antiretroviral drugs

There is not much experience with nucleoside-sparing
regimens in clinical practice. Possible clinical scenarios to
use such regimens could be the presence of mitochondrial
toxicity, an advanced kidney disease, or the emergence of
thymidine analog-resistant mutations. A small pilot trial
showed that the combination of nevirapine and ritonavir-
boosted lopinavir at standard dosing can maintain viral sup-
pression at 48 weeks with improvements in mitochondrial
parameters.>** There is no clinical experience with other
nucleoside-sparing regimens using nevirapine and other pro-
tease inhibitors. In the case of atazanavir, the recommended
dose should be 300 mg with 100 mg of ritonavir per day, and
for saquinavir the recommended dose should be 1000 mg
with 100 mg of ritonavir twice a day. Other protease inhibi-
tors should be used with the same dosing when combined
with nevirapine as nucleoside-sparing regimens.

Clinical efficacy

The majority of recent clinical data regarding nevirapine
efficacy have been produced with nevirapine IR with doses
of 200 mg twice a day and mainly in antiretroviral-naive
patients or as a switching strategy (Table 2).

Nevirapine in antiretroviral

treatment—naive patients

The 2NN trial was a large, randomized, comparative, open-
label trial of several regimens containing either nevirapine,
efavirenz, or both drugs combined in addition to stavudine
and lamivudine.”! This multinational study included 1216
antiretroviral treatment—naive patients; 220 of them were
randomized to nevirapine IR 400 mg once daily, 387 to
nevirapine IR 200 mg twice daily, 400 to efavirenz, and
2009 to the nevirapine IR plus efavirenz group. Patients were
analyzed by intention to treat. Treatment success was con-
sidered in 56.4% in the nevirapine once-daily arm, 56.3%
in the nevirapine twice-daily arm, 62.2% in the efavirenz
arm, and 46.9% in the nevirapine plus efavirenz arm. There
was no significant difference in virologic response among
groups. The proportion of patients achieving an HIV-1 RNA
concentration of fewer than 50 copies/mL at week 48 was
65% for nevirapine once daily, 63.3% for nevirapine twice
daily, 67.8% for efavirenz, and 61.7% for nevirapine plus efa-
virenz. However, the difference in treatment failure between
nevirapine IR twice daily compared to efavirenz was 5.9%
(95% confidence interval, —0.9% to 12.8%). These results
failed to demonstrate the noninferiority of nevirapine IR
compared to efavirenz. When this clinical trial was carried
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Table 2 Summary of most relevant randomized clinical trials on nevirapine efficacy

Trial Population Intervention Outcome Follow-up
P1060 Children (85% had oral Nevirapine-IR vs ritonavir- HIV-1 RNA concentration of fewer 48 weeks
study"’ documentation of prior single-dose  boosted lopinavir, both with than 400 copies per mL;
2012 nevirapine exposure to prevent zidovudine and lamivudine 75.0% vs 84.9%, respectively; risk
mother-to-child transmission) difference (RD) 9.72% (95% confidence
n=1288 interval [CI], =19.0 to 0.5; P = 0.06)
OCTANE® Women with single-dose Nevirapine-IR vs ritonavir- HIV-1 RNA concentration of fewer 24 weeks
2010 exposure to nevirapine to prevent boosted lopinavir, both with than 400 copies per mL; 77% vs 92%,
mother-to-child transmission tenofovir disoproxil fumarate/ respectively; RD, 15.0%
n = 24| emtricitabine (95% ClI, —24.3 to —5.9; P=0.001)
ARTEN® Adult antiretroviral Nevirapine-IR vs ritonavir- HIV-1 RNA concentration of fewer 48 weeks
2011 treatment—naive patients boosted atazanavir, both with than 50 copies per mL; 66.8% vs 64.8%,
n=>569 tenofovir disoproxil fumarate/ respectively; RD, 2.1% (95% ClI, —6.0
emtricitabine to 10.6; P=0.61)
NEWART? Adult antiretroviral Nevirapine-IR vs ritonavir- HIV-1 RNA concentration of fewer 48 weeks
2011 treatment—naive patients boosted atazanavir, both with than 50 copies per mL; 61.3% vs 64.9%,
n=152 tenofovir disoproxil fumarate/ respectively; RD, —2.6% (95% Cl, —17.8
emtricitabine to 12.7; P=0.74)
VERxVE" Adult antiretroviral Nevirapine-XR vs nevirapine-IR, HIV-1 RNA concentration of fewer 48 weeks
2011 treatment—naive patients both with tenofovir disopropil than 50 copies per mL; 81.0% vs 75.9%,
n=10l1 fumarate/emtricitabine respectively; RD, 5.1% (95% ClI, 0.02
to 10.2; P =0.04)
TRANXITION?*®  Adult antiretroviral Switching from nevirapine-IR HIV-1 RNA concentration of fewer 48 weeks
2010 treatment—experienced to nevirapine-XR (2:1) in patients than 50 copies per mL; 88.8% vs 88.5%,

patients
n =443

with HIV-1 RNA of fewer than
50 copies/mL, combined with

respectively; RD, 0.3% (95% Cl 5.6
to 7.3; P=0.90)

either abacavir/lamivudine, tenofovir

disoproxil fumarate/emtricitabine

or zidovudine/emtricitabine

out, nevirapine treatment restrictions based on CD4* T-cell
count criteria and sex did not apply.?!

Recently, a nevirapine-based regimen was compared to
ritonavir-boosted atazanavir to assess clinical efficacy and
safety in the ARTEN study* (Table 2). Both groups received
a fixed dose of tenofovir disoproxil fumarate/emtricitabine
as backbone. This randomized controlled clinical trial
comprised 569 antiretroviral treatment—naive patients from
Europe and South America, with 376 in the nevirapine arm
and 187 in the ritonavir-boosted atazanavir arm. The response
rate at week 48 was 67% for the nevirapine IR group and
65% for the ritonavir-boosted atazanavir group. The study
showed that nevirapine IR twice a day was noninferior to
ritonavir-boosted atazanavir.

The NEWART is a multicenter study conducted in the
US, designed to support the results from the ARTEN study.?’
It is a randomized, open-label trial comparing twice-daily
nevirapine IR with ritonavir-boosted atazanavir, using
tenofovir disoproxil fumarate/emtricitabine as backbone.
It includes 152 naive patients, randomized 1:1 in two treat-
ment groups; 89.5% of patients were males and 52% had an
HIV-1 RNA concentration of 100,000/mL or more. At week

48, the primary end point of virologic response was achieved
in 61.3% patients with nevirapine IR and in 64.9% patients
taking ritonavir-boosted atazanavir. The difference of —4.1%
was above the prespecified —6.5% boundary, demonstrat-
ing that nevirapine IR was not inferior to ritonavir-boosted
atazanavir.

The antiviral efficacy and safety of the new nevirapine
XR formulation at 400 mg once a day were compared
to nevirapine IR 200 mg twice per day in the VERXxVE
study.”® This is a phase III, randomized, multinational,
double-blind, double-dummy, parallel-group, and active-
controlled clinical trial that included 1011 antiretroviral
treatment—naive patients with an HIV-1 RNA concentration
of 1000 copies/mL or more. Patients who met CD4*
T-cell count criteria — 50400 cells/mm?® for males and
50-250 cells per mm?® for females — were stratified by
baseline HIV-1 RNA concentration of fewer than 100,000
copies/mL and HIV-1 RNA concentration of 100,000
copies/mL or more, and randomized 1:1; 505 patients
to nevirapine XR and 506 to nevirapine IR. Both groups
started with 200 mg nevirapine IR once daily for 14 days
according to current recommendations, and the backbone
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regimen was fixed-dose tenofovir disoproxil fumarate plus
emtricitabine. HIV-1 RNA concentration of fewer than 50
copies/mL at 48 weeks was achieved in 81% patients in the
XR arm versus 75.9% in the IR arm using the time-to-loss-
of-virologic-response method to assess virological response.
Nevirapine XR was shown not to be inferior to nevirapine IR
according to a non-inferiority margin of —10%. Patients with
a baseline HIV-1 RNA concentration of 100,000 copies/mL
or less showed a higher virologic response for nevirapine
XR and nevirapine IR (85.9% versus 79.2%) compared to
those with HIV-1 RNA concentrations greater than 100,000
copies/mL; 73.2% versus 70.9% for nevirapine XR and
nevirapine IR, respectively.

Role of nevirapine XR in nevirapine

IR-treated patients

The TRANXITION trial was an open-label, randomized,
parallel-group study of switching patients treated with nevi-
rapine IR twice daily to nevirapine XR.*® After 18 months
of stable treatment with two nucleoside reverse-transcriptase
inhibitors, (abacavir/lamivudine, tenofovir disoproxil
fumarate/emtricitabine, or zidovudine/emtricitabine) plus
nevirapine IR, patients were randomized 2:1 to XR 400 mg
per day or remained with their prior schedule of 200 mg
twice a day. In both groups, backbone nucleoside reverse-
transcriptase inhibitors were not changed.

Continued virological suppression was observed in
93.6% (276 of 295) of nevirapine XR— and 92.6% (137
of 148) of nevirapine IR—treated patients, an observed
difference of 1% (95% confidence interval —4.3 to 6.0) at
24 weeks of follow-up. Noninferiority (adjusted margin
of —10%) of nevirapine XR to nevirapine IR was robust and
further supported by Snapshot analysis. At week 48, HIV-1

RNA was below the detection limit in 88.8% of patients in
the XR group and in 88.5% in the IR group.

Nevirapine for preventing mother-

to-child HIV-1 transmission

Intrapartum and single-dose nevirapine has been extensively
used for prevention of mother-to-child transmission of
HIV-1 in developing countries. Nevirapine lowers the risk
of HIV-1 transmission by nearly 50% during the first 14-16
weeks of life in breastfed infants.** The major drawback of
this approach is the emergence of nevirapine resistance,
which compromises future treatments with nevirapine
combinations.*’

In order to overcome the limited efficacy and the emer-
gence of resistance when single-dose nevirapine has been
given to mothers or children to prevent HIV-1, transmission
two strategies have been evaluated. The first strategy consists
of administration of combination antiretroviral therapy with
three drugs compared with zidovudine plus single-dose
nevirapine. The Kesho Bora study demonstrated that HIV-1
transmission rates were significantly greater when pregnant
women received zidovudine twice daily and single-dose nevi-
rapine at the onset of labor compared with ritonavir-boosted
lopinavir with zidovudine plus lamivudine until cessation of
breastfeeding or 6.5 months postpartum*! (Table 3). Another
approach is to continue once-daily nevirapine to infants
from age 6 weeks to age 6 months or until breastfeeding
cessation. This latter approach significantly decreased the
rate of HIV-1 transmission to infants from 2.4% to 1.1%.%
However, extended-dose nevirapine given to HIV-1 pregnant
women who chose to breastfeed did not significantly reduce
mother-to-child HIV-1 transmission compared to single-dose
nevirapine given at labor.*

Table 3 Nevirapine for preventing mother-to-child HIV-I transmission

Trial Population Intervention Outcome Follow-up
Kesho Pregnant women Pregnant women starting therapy at 28-36 weeks; HIV-1 transmission at 6 weeks; 12 months
Bora* with HIV-1 zidovudine twice daily until delivery and a dose 9.5% vs 5.4%, respectively; RD,
2011 infection, of 600 mg zidovudine plus 200 mg nevirapine at the 4.1% (95% Cl, 0.5 to 7.8; P = 0.029)
n=2824 onset of labor vs ritonavir-boosted lopinavir with
zidovudine plus lamivudine until cessation of breastfeeding
or to a maximum of 6.5 months postpartum
HPTN Breastfed infants Once-daily infant nevirapine-IR from age 6 weeks HIV-1 infection in infants at 6 months
046% without HIV-1 to 6 months or until breastfeeding cessation vs placebo 6 months; incidence of HIV-1|
2012 infection, infection 1.1% vs 2.4%; RD, 1.3%
n=1527 (95% Cl, 0 to 2.6; P = 0.049)
SWEN®  Pregnant women with  Single-dose nevirapine IR vs extended-dose nevirapine HIV-1 infection in infants at 12 months
2011 HIV-1 infection who IR through 6 weeks of age 12 months; incidence of HIV-I
chose to breastfeed, infection 10.4% vs 8.9%; RD, 1.5%
n=1890 (95% Cl, —1.1 to 4.2; P=0.15)
HIV/AIDS - Research and Palliative Care 2012:4 submit your manuscript 175

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Ena et al

Dove

Safety and tolerability

Exanthematous reactions, fever, nausea, headache, fatigue,
somnolence, vomiting, diarrhea, abdominal pain, and myal-
gia have been the most frequently reported symptoms related
to nevirapine therapy.* Regarding clinical laboratory data,
the most frequently observed laboratory test abnormalities
are elevations in liver-function test results, including alanine
transaminase (ALT) aspartate transaminase (AST), gamma
glutamyl transpeptidase, total bilirubin, and alkaline
phosphatase. Cases of anemia and neutropenia may be
associated with nevirapine therapy. The following adverse
events that may be causally related to the administration of
nevirapine IR have been reported and could be expected with
the XR formulation (Table 4).

Skin and subcutaneous tissues

The most common clinical toxicity of nevirapine is an
exanthematous reaction appearing in 17% of patients.* It is
usually maculopapular and erythematous, with or without
pruritus, and is located in the trunk, face, and extremities.
Some patients may require hospitalization, and 7% require
discontinuation of the drug compared with 1.7% given
efavirenz. The frequency of severe (grade 3—4) exanthema-
tous reaction in the 2NN trial was 6% in patients with CD4
lymphocyte cell count of 200/mm? or greater and 1%—2% in
those with CD4 lymphocyte cell count less than 200/mm?.

Indications of discontinuation of nevirapine due to exan-
thematous reaction are the presence of fever, blisters, mucous
membrane involvement, conjunctivitis, edema, arthralgias,
or malaise. Patients with rash should be assessed for hepa-
totoxicity, as the two may occur together. The majority of
severe exanthematous reactions occurred within the first 6
weeks of treatment.

Regarding safety data for nevirapine XR in antiretroviral
treatment—naive patients, the VERXVE trial showed that
severe or life-threatening exanthematous reactions attributed
to nevirapine occurred in 1.1% of patients during the lead-
in phase with nevirapine IR, and in 0.8% and 0.6% of the
nevirapine IR and nevirapine XR groups, respectively, dur-
ing the randomization phase. The trial reported five cases of
Stevens—Johnson syndrome, all of which occurred within the
first 30 days of nevirapine treatment.'® In the TRANXITION
trial, in which patients on nevirapine IR were randomized
to receive nevirapine XR or to continue with nevirapine IR,
no grade 3 or 4 exanthematous reactions was observed in
either group.™®

Hepatobiliary

Early hepatotoxicity usually occurs in the first 6 weeks and
appears to be a hypersensitivity reaction.* It may be accom-
panied by drug rash, eosinophilia, and systemic symptoms
(DRESS syndrome). This adverse reaction differs from

Table 4 Nevirapine XR safety (there are no new adverse drug reactions for nevirapine-XR that have not been previously identified

for nevirapine-IR)

Disorder Very common Common

(frequency > 10%)

(frequency 1%-10%)

Uncommon Rare
(frequency 0.1%—1%) (frequency 0.01%-0.1%)

Gastrointestinal Nausea, vomiting,

Hematologic
Hepatobiliary

Immune system

Musculoskeletal,
connective tissue
and bone

Nervous system

Skin and Exanthematous
subcutaneous tissue reaction

General symptoms
Laboratory
investigations

abdominal pain, diarrhea
Granulocytopenia
Hepatitis (1.2%); liver
function tests abnormal
Hypersensitivity (including
anaphylactic reaction,
angioedema, urticaria)
Myalgia

Headache

Fatigue, pyrexia
Liver-function test abnormal
(ALT/AST increased; GGT
increased)

Anemia
Jaundice

Drug rash with eosinophilia
and systemic symptoms,
anaphylactic reaction
Arthralgia

Stevens—Johnson syndrome
(0.3%), toxic epidermal
necrolysis (may be fatal),
urticaria, angioedema
Fever

Blood phosphorus decreased,

blood pressure increased

Liver failure/fulminant
hepatitis (may be fatal)

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma glutamyl transpeptidase.
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elevation of transaminases noted with other antiretroviral
drugs in that it (1) is symptomatic hepatitis, (2) may progress
to liver necrosis and death even with early detection of drug
discontinuation, (3) usually occurs in the first 16 weeks (more
usually in the first 6 weeks), and (4) occurs primarily with
high CD4 lymphocyte cell counts, especially in women. The
mechanism of this reaction is unknown, but since it is related
to high CD4 lymphocyte cell counts an immune substrate
with an associated genetic predisposition is suggested.*
In November 2000, the US Food and Drug Administration
issued a black-box warning drawing attention to nevirapine’s
potential to cause serious liver damage as well as life-threat-
ening hepatic failure, particularly in HIV-infected women
with CD4 lymphocyte cell counts greater than 250/mm? and
HIV-infected men with CD4 lymphocyte cell counts greater
than 400/mm’. It has been shown that the rate of symptomatic
hepatotoxicity was 11% in women with CD4 lymphocyte
cell counts greater than 250/mm? and only 0.9% in women
with lower CD4 cells counts at baseline.*’” For men, there
was also an increase in hepatotoxicity severity for those with
CD4 lymphocyte cell counts of 400/mm? or greater, but the
rates were much lower — 6.4% versus 2.3%.*® Additional risk
factors for severe hepatotoxicity are coinfection by hepatitis
B virus, hepatitis C virus, or baseline elevations of ALT/AST
levels greater than 2.5 times the upper limit of normal.*® In
September 2010, the European Medicines Agency approved
a modification allowing the use of nevirapine regardless of
CD4 lymphocyte count in patients who had an undetect-
able viral load (HIV-1 RNA concentration of fewer than
50 copies/mL).* This update was made after reviewing
retrospective cohort studies (EUROSIDA Cohort) and other
observational studies (ATHENA cohort and multi-ATHENA
cohort) that proved the safety of nevirapine in more than
12,000 patients who had no detectable viral load.>%-5¢
Nevertheless, the 14-day lead-in period with nevirapine IR
200 mg daily dosing must be strictly followed, since it has
been demonstrated to reduce the frequency of rash. If rash
persists beyond the 14-day lead-in period with nevirapine IR,
dosing with nevirapine XR should not be continued. Lead-in
dosing with 200 mg once-daily immediate-release nevirapine
IR should not be continued beyond 28 days, at which point
an alternative regimen should be sought.

The Centers for Disease Control and Prevention issued
a warning against using nevirapine for post-exposure
prophylaxis based on reports of two health-care workers
suffering from fulminant hepatitis.”” Patients treated with
nevirapine may also develop hepatotoxicity later in the course
of therapy, more benign and similar to hepatitis caused by

other antiretroviral drugs. This hepatitis is characterized by
asymptomatic elevation of transaminases. The management
guidelines for early liver injury include frequent monitor-
ing of transaminases in the first 12—-16 weeks and prompt
discontinuation of nevirapine if the diagnosis is suspected.
For later asymptomatic transaminitis, the approach is less
clear, but many experts recommend discontinuation of
nevirapine if ALT is greater than 5-10 times the upper limit
of normality.**

The VERXVE trial prospectively collected data on poten-
tial symptoms of hepatic events in 1011 patients enrolled
with lymphocyte CD4 counts of fewer than 250 cells/mm?
for women and fewer than 400 cells/mm® for men. The inci-
dence of symptomatic hepatotoxicity during the nevirapine
IR lead-in phase was 0.5%. After the lead-in period, the
incidence of symptomatic hepatic events was 2.8% in the
nevirapine IR group and 1.6% in the nevirapine XR group.
Overall, there was a comparable incidence of symptomatic
hepatic events among men and women. "

In the TRANXITION trial, no grade 3 or 4 clinical hepatic
events were observed in either treatment group.®

Conclusion

In summary, nevirapine is a non-nucleoside reverse-tran-
scriptase inhibitor with an extensive history in combination
antiretroviral treatments. Nevirapine shortcomings are low
genetic barrier, risk of severe skin and liver adverse reac-
tions, and requiring twice-daily dosing. Recent data show
that nevirapine used as single dose for the prevention of
perinatal HIV-1 transmission is a risk factor for emergence of
HIV-1-resistant mutations that reduce efficacy of nevirapine-
based antiretroviral treatment regimens in both mothers and
infants. On the other hand, nevirapine has been considered
as a first-line drug in developing countries due to its high
potency, no food effect, low pill burden, and low cost. Clinical
trials published in the last 2 years showed that nevirapine was
not inferior to ritonavir-boosted lopinavir or ritonavir-boosted
atazanavir in adult antiretroviral treatment—naive patients.
An XR formulation of nevirapine that has been recently
commercialized may offer improved treatment options for
once-daily antiretroviral regimens, with greater convenience
and patient adherence.
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