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Abstract The availability of potent non-nucleoside reverse transcriptase inhibitor
(NNRTI)-based regimens for antiretroviral therapy and concerns regarding pro-
tease inhibitor (PI)-related metabolic disturbances have led to significant shifts
in treatment practices in HIV infection. NNRTI-based regimens may have several
advantages over PI-based therapy for initial or prolonged therapy, including more
convenient administration regimens, lower tablet volume, fewer drug interac-
tions, and central nervous system penetration. No data from prospective clinical
trials currently exist comparing the 3 approved agents (efavirenz, nevirapine or
delavirdine). Both efavirenz and nevirapine have been compared to triple therapy
with the PI indinavir over 48 weeks as initial therapy, with similar responses being
observed with nevirapine regimens and superiority observed with efavirenz. A
smaller 24-week study has suggested nevirapine may be superior to the PI
nelfinavir. Limited comparative data in patients with high viral loads treated with
nevirapine- or delavirdine-based regimens currently exist. However, cohort data
and selected patient data from clinical trials suggest comparable activity to PI-
based regimens in these patients. The superiority of efavirenz over indinavir-
based regimens has been observed in comparative data in a subset of patients with
high viral loads. In treatment-experienced patients, available uncontrolled data
suggest these agents contribute to regimen efficacy in NNRTI-naïve, treatment-
experienced patients. Efavirenz has demonstrated superiority over nelfinavir in
nucleoside-experienced patients, although combining these 2 agents may repre-
sent the best approach in these circumstances. The tolerability of NNRTIs appears
generally good with few individuals discontinuing in clinical studies as a result
of adverse drug events. The majority of adverse events with NNRTIs occur within
the first month, and are predictable and manageable without therapy interruption.
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The goal of all therapy is to improve length and
quality of life. In HIV-1 infection the current best
available route to this goal is to achieve both sub-
stantial and sustained suppression of viral replica-
tion in all cellular and body compartments.[1,2] Sus-
tained viral suppression is associated with partial
immune reconstitution and a marked reduction in

risk of clinical events or death. Furthermore, arrest-
ing replication delays or prevents the emergence of
drug-resistant virus, one of the principal reasons
for loss of therapeutic benefit.[3]

The clinical value of triple combination anti-
retroviral therapy has been established by a number
of large randomised controlled trials showing strik-



ing improvements in disease markers (e.g. viral
load, CD4+ cell count), and improved survival and
diminished disease progression relative to single
and double agent therapy. Initiating treatment with
3 antiretroviral agents [2 nucleoside analogues
(NA; nucleoside reverse transcriptase inhibitors)
plus a third agent, a protease inhibitor (PI), a
non-nucleoside reverse transcriptase inhibitor
(NNRTI) or possibly a third NA] is now considered
minimal standard-of-care for the clinical manage-
ment of HIV infection.[1,2]

Metabolic toxicities associated with antiretro-
viral therapy have recently been recognised.[4] In
particular, increases in cholesterol and triglyceride
levels appear most common with PIs, and have
caused a re-evaluation of the risk versus benefit of
these agents, particularly in early disease.[5] These
concerns and the need for more conveniently ad-
ministered and better tolerated regimens has also
led to the investigation of substitutes for the PI
component of antiretroviral therapy.

NNRTIs are a chemically diverse group of com-
pounds that are potent inhibitors of HIV-1 reverse
transcriptase. HIV-2 possesses natural resistance to
these agents. They act as competitive inhibitors of
HIV-1 reverse transcriptase, binding to a hydropho-
bic pocket adjacent to the catalytic site.

NNRTI-containing regimens may have several
advantages over PI-based therapy for initial or pro-
longed therapy. These advantages may include:
• more convenient, patient-friendly administration

regimens (once or twice daily, non-food depen-
dent)

• lower tablet volume
• fewer potentially serious drug interactions
• transient initial toxicities which do not generally

overlap with or potentiate those associated with
backbone NAs

• perceived (but not currently proven) lower risk
of fat redistribution and metabolic problems

• maintenance of PIs as an option for second line
therapy where PIs have established efficacy

• central nervous system penetration.
Although more data establishing equivalence of

potency to PIs are required with some of these

agents, issues requiring clarification with all PI-
sparing regimens before full confidence with their
use is established include durability of effect, viro-
logical benefits in non-plasma or so-called sanctu-
ary sites such as lymph nodes, and if changes in
immune function are similar (or better) than those
observed with PIs. Further data on tolerability in
specific populations, for example, patients with
hepatitis B or C co-infection, would also be bene-
ficial. Additionally, systematic evaluation of meta-
bolic and body shape changes over prolonged follow-
up are required to confirm the current perception
that NNRTIs are associated with a diminished risk
of these problems. Studies specifically addressing
the potential for PI-based regimens to re-establish
virological control in individuals after failure of an
initial PI-sparing regimen are also required.

Three agents, efavirenz, nevirapine and delavir-
dine are the currently approved agents in this class.
Delavirdine is not currently approved in the Euro-
pean Union.

1. Key Clinical Trials

Clinical studies support the use of NNRTI-
based regimens for initial therapy. Additional data
suggest some of these agents may meaningfully
contribute to the activity of second-line or salvage
therapy regimens, and may be used to improve the
convenience of therapy regimens, or after toxicity,
by substituting for PIs.

Analyses of key trials data have included 2 main
statistical techniques: intent-to-treat non-completer =
failure (ITT), and observed or on-treatment analy-
sis (OT). These analyses provide different informa-
tion regarding outcome. ITT is the most conserva-
tive analysis, it includes all patients who entered
the study and treats all missing data as representing
failure. Such an analysis will tend to underestimate
the treatment effect in practice. Observed data pro-
vide results only on patients with available follow-
up values; missing data are disregarded, thus, the
denominator for analysis may not be the same as
the number originally randomised. This type of
analysis tends to overestimate the treatment effect
observed in practice by ignoring patients who are
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unable to take or tolerate therapy or who change
therapy because of insufficient response or toxicity.

Data from studies comparing these agents with
PI therapy and key approval studies in treatment
naive patients are included in table I. In several of
the available comparative studies (DMP-006,[7]

ACTG 364[11] and Atlantic[6]) twice daily NNRTI-
based regimens have been compared with 3 times
daily PI-based regimens (indeed, in Atlantic, be-
cause didanosine and indinavir administration
should be separated, this arm is really a 4 doses per
day regimen). Adherence studies have recognised
that the middle dose is the most commonly missed,
thus, poorly adherent patients in these studies were
most likely to miss the PI rather than the other ther-
apies. It may therefore be reasonable to expect that
if a regimen is truly similar in potency to an PI-
based regimen, it should demonstrate superiority
under the bias of these designs. Superiority has
only been observed in DMP-006.

2. Naïve Patient Studies

The key studies for efavirenz and nevirapine in-
clude direct comparison of these agents with PI-
based regimens, for efavirenz against indinavir
(DMP-006), with 72-week data reported, and for
nevirapine against indinavir (Atlantic), with 48-
week data available, and against nelfinavir (Com-
bine),[12] with 24-week data only. Only in the Span-
ish Combine study is comparison made with a
twice daily PI regimen. However, this study is
small and differences appear to exist in the baseline

characteristics of this study which hamper inter-
pretation. The DMP-006 study also includes a 2-
drug arm containing efavirenz and indinavir com-
bined. This approach to the use of NNRTIs in a
‘nucleoside sparing’ regimen may attract further
interest in the future if concerns regarding NA
mitochondrial toxicity and the fat redistribution
syndrome prove founded.

Results of the comparative studies support the
use of efavirenz or nevirapine in first-line regimens
with 2 NAs. In the 1266-patient DMP-006 study,[7]

the proportion of patients with below 50 copies/ml
(by ITT and OT analyses) and time to virological
failure data indicate superiority for the efavirenz
plus zidovudine/lamivudine regimen over indinavir
plus zidovudine/lamivudine (and over efavirenz +
indinavir). The ITT analysis is to some extent driven
by the greater tolerability of efavirenz, a substan-
tially higher proportion of participants randomised
to indinavir + zidovudine/lamivudine had dis-
continued by 24 weeks (37.8%) compared with the
indinavir + efavirenz (23.6%) or efavirenz +
zidovudine/lamivudine groups (20.8%). The dif-
ference in discontinuations was largely secondary
to a higher rate of adverse events, in particular nau-
sea, in the zidovudine + lamivudine + indinavir
group. Responses to efavirenz + zidovudine/
lamivudine were similar in patients with baseline
viral loads above and below 100 000 copies/ml and
were significantly superior to the indinavir group
in the those with above 100 000 copies/ml at base-
line (by all analyses) at week 48.[7]

Table I. Outcomes [by conventional (OT) and conservative (ITT) analyses] in non-nucleoside reverse transcriptase inhibitor arms of key
studies in treatment-naïve patients to week 24. Data from additional studies used for drug approval are included for comparative purposes

Trial Therapy No. of patients Mean viral load at
baseline (copies/ml)

<50 copies/ml at wk24
(ITT) [%]

<4-500 copies/ml at
wk24 (OT) [%]

Atlantic[6] d4T, ddI, NVP 68 4.19 67 89

DMP-006[7] ZDV, 3TC, EFV 154 4.77 59 95

13C[8] ZDV, mostly 3TC, DLV 168 4.8 29.3a 48.8

Incas[9] ZDV, ddI, NVP 51 4.24 45 73

DMP-005[10] ZDV, 3TC, EFV 34 4.72 49 88

a Naïve 3TC subset.

3TC = lamivudine; d4t = stavudine; ddI = didanosine; EFV = efavirenz; ITT = intent-to-treat non-completer = failure; NVP = nevirapine; OT
= on-treatment analysis; ZDV = zidovudine.
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The 298 patient Atlantic study[6] is the first to
directly compare the three leading treatment ap-
proaches to initial therapy: dual NA therapy with
either NNRTI, PI or another NA. The dual NA base
used in this study is stavudine plus didanosine with
either the NNRTI nevirapine (400mg once daily),
the PI indinavir (800mg three times daily) or the
NAlamivudine (150mg twice daily). The low mean
baseline viral load in this study (mean 4.18-
4.22log10 copies/ml) means the efficacy of these
regimens in patients with high viral loads is not
adequately tested. At week 48, the ITT indicated
that the proportion of participants with <50 cop-
ies/ml was 49, 49 and 40% for the nevirapine, in-
dinavir and lamivudine groups, respectively, with
no statistically significant differences. In patients
with baseline viral loads >58 519 copies/ml (the
upper quartile) the proportion of patients with a
viral load <50 copies/ml at week 48 was 28, 48 and
26% for nevirapine, indinavir and lamivudine
groups, respectively. Although these differences
were not statistically significant they may be of
practical importance when considering NNRTI
choice in patients with higher viral loads. No dif-
ferences in tolerability have been observed be-
tween groups. Table II include details of 48-week
data from DMP-006 and Atlantic studies.

No data comparing delavirdine to standard-of-
care regimens are available. Data from 2 completed
48-week studies (known as studies 21 part 2 and
13C) suggest inclusion of delavirdine with 2 NAs
is superior to 2 NAs alone in treatment naïve pa-
tients. The proportion of people achieving an un-
detectable viral load response in 13C is lower than
that reported in similar studies with efavirenz or
nevirapine.[8]

3. Pretreated Patients

Differentiation of NNRTIs in treatment-experi-
enced patients is challenged by the heterogeneity
of patient experience and study designs reported.
Broadly, all NNRTIs can draw on data which suggest
activity in treatment experienced patients. How-
ever, information on efficacy in NA-pretreated pa-
tients is most complete for efavirenz. Efavirenz has

been compared directly with the PI nelfinavir in
NAexperienced patients in ACTG 364.[11] The pro-
portion of patients achieving viral suppression be-
low 50 copies/ml at week 48 of this study signifi-
cantly favoured efavirenz. However, an arm
combining both efavirenz + nelfinavir was superior
to efavirenz alone. Retrospective data from a 31-pa-
tient cohort suggest efavirenz has greater activity
than nevirapine when combined with abacavir in
PI-experienced patients.[13] However, despite ef-
forts to ensure no differences existed in baseline
characteristics, including geno- and phenotypic test-
ing, the nonrandomised nature of this retrospective
analysis limits the value of these observations.

Interest is growing in combining efavirenz and
nevirapine in the salvage setting to get the maximal
benefit from this drug class. Pharmacokinetic data
indicate that the efavirenz dose may need to in-
crease to 800mg in the evening to ensure adequate
levels when combined with nevirapine. Studies
prospectively assessing this approach are now on-
going.

4. Other Considerations

Given that controlled trial data indicate initial
PI-sparing therapy provides similar activity to PI-
based approaches, the choice of initial therapy for
HIV infection will relate to issues such as resis-
tance profiles, tolerability, potential for drug inter-
actions, convenience of administration, compart-
mental penetration, and potential for a second-line
or salvage therapy to be effective. NNRTIs gener-

Table II. Week 48 ITT data for percentage of patients with viral loads
<50 copies/ml for the total population, and the number of patients
with >100 000 copies/ml at baseline for key comparative studies (N)

Study Analysis N <50
copies/ml (%)

Atlantic NVP[6] All 71 49

Atlantic IDV All 79 49

Atlantic 3TC All 85 40

DMP-006 EFV[7] All 154 65

DMP-006 IDV All 152 43

3TC = lamivudine; EFV = efavirenz; IDV = indinavir; ITT = intent-
to-treat non-completer = failure; NVP = nevirapine.
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ally have advantages over PIs with regard to these
characteristics. Differentiating NNRTIs for choice
is challenged by the absence of comparative pro-
spective data in all patient populations.

4.1 Resistance Profiles

The most common mechanism by which resis-
tance develops is by a mutation in the pol gene
leading to an amino acid substitution affecting the
target enzyme. Darwinian selection processes lead
to the selection of a viral variant containing muta-
tions representing a balance between the benefit
gained from reduced drug sensitivity against the
partial loss of viral replication efficiency caused by
mutation. For this process to occur, continued viral
replication is necessary. Therefore, the only way to
prevent the development of resistance is to fully
switch off viral replication at all sites where drug
is present, preventing the random generation of po-
tentially resistant mutants.[3]

The key resistance mutations for efavirenz,
nevirapine and delavirdine in vivo are K103N and
Y181C, although other mutations may also affect
sensitivity to all agents.[3,14,15] Other mutations as-
sociated with resistance to NNRTIs, generally in
the pol gene codons 98-108 and 181-190, may fur-
ther contribute to higher levels of resistance. Al-
though some mutations or polymorphisms in these
regions have been observed in those naïve to ther-
apy, raising concerns about possible frequent trans-
mission of NNRTI-resistant virus, the changes in
sensitivity with most polymorphisms is a 2- to 4-
fold shift in IC50 (50% inhibitory concentration)
whereas these agents achieve trough exposure 10-
fold or more above the IC95. Thus, there is no re-
ported impact from polymorphisms in these regions
on treatment response in patients naïve to therapy.
However, given the extent of cross-resistance within
this class, sequential use of NNRTIs does not appear
feasible.[3] New drugs in the NNRTI class which
may possess activity against viruses resistant to the
current NNRTIs are now entering clinical trials.
NNRTIs do not exhibit cross-resistance with NA
or PI classes.

4.2 Tolerability

The most common adverse events occurring
with efavirenz have been CNS disturbances and
skin rash, while rash and liver function test abnor-
malities are seen with nevirapine and delavirdine.
NNRTI-related adverse events generally occur and
resolve during the first month of therapy and infre-
quently lead to drug discontinuation. The overall
frequency of CNS symptoms across studies with
efavirenz is 54% compared with the rate in control
patients of 27%. The majority of events are graded
mild or moderate with only 2.7% leading to discon-
tinuation.[16]

Hypersensitivity rashes associated with NNRTIs
are generally of a maculopapular type and may be
managed with antihistamines without treatment
interruption. Stevens-Johnson syndrome has been
reported; rarely with efavirenz and delavirdine
and in 0.3% of patients with nevirapine. Rash (all
grades, all types) is observed in a 10% excess to
controls with efavirenz and a 15 to 17% excess
with nevirapine and delavirdine. No risk factors for
NNRTI-associated rash have been reported and
cross-reaction is not the rule. The rash seen with
nevirapine is less common if the drug is introduced
gradually, allowing for hepatic induction. A regi-
men of 200mg once daily for 2 weeks followed by
the full dose (200mg twice daily or 400mg once
daily) is most commonly used. Antihistamines or
prednisolone during the first weeks of nevirapine
is used by some physicians, however available data
suggest this may be of no benefit or indeed increase
the risk of a severe reaction.

Raised levels of hepatic transaminases occur at
a 7% excess to controls in nevirapine recipients.
Approximately 1% of recipients discontinue nevir-
apine as a result of hepatitis. Clinically significant
liver function abnormalities may be more common
in individuals with hepatitis co-infection.[15] How-
ever, in some cases they may relate to the hyper-
sensitivity reaction. Cautious monitoring of liver
function tests during the first 8 weeks of nevirapine
therapy is now recommended. Raised transami-
nase levels is a reported but infrequent reaction to
delavirdine. Rates of increased transaminase levels
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with efavirenz are similar to those in control arms
of clinical studies.

Modest lipid elevations, both in cholesterol and
triglycerides, have been observed in some efavirenz
recipients. Increases in cholesterol levels with efa-
virenz, unlike those reported during PI therapy in-
volve both high density lipoprotein and low density
lipoprotein cholesterol and thus, may not increase
risk of atherogenic diseases as much as has been
suggested for PIs. Cross-sectional data on patients
receiving initial therapy with 2 NAs and either
efavirenz or nevirapine indicate no differences in
the mean cholesterol or triglyceride values between
NNRTI choices.[17]

4.3 Drug Interactions

Efavirenz, nevirapine and delavirdine are meta-
bolised through the cytochrome P450 (CYP) system,
predominately the CYP3A4 isozyme. Efavirenz
acts as both an inhibitor and an inducer of this en-
zyme, while nevirapine is an inducer. Induction is
associated with transient elevations in γ-glutamyl
transferase levels. Relatively few drug interactions
appear to require dosage adjustment, although co-
administration with PIs (in the absence of ritonavir
co-administration) may be contraindicated or re-
quire upward dosage adjustment.

Delavirdine is unique amongst available NNRTIs
in acting exclusively as an inhibitor of CYP3A4
and other p450 cytochromes. Although this may
lead to some clinically important drug interactions,
for example with terfenadine, it may also be bene-
ficially harnessed to improve PI pharmacology.
The extent of increase in PI exposure by delavirdine
varies between PIs but is in the 3- to 5-fold range
with saquinavir (both hard and soft gel formulations),
nelfinavir and indinavir. This interaction may en-
able greater drug exposure or allow for twice daily
administration and/or lower PI pill numbers. The
potential of these interactions have not been fully
exploited to date, in part because of the absence of
clinical efficacy data supporting the use of delavir-
dine or indeed this use of delavirdine.

4.4 Convenience of Administration

Issues which may influence convenience of ad-
ministration include frequency, timing in relation
to food, number of tablets, storage conditions and
risk of medication unmasking HIV status to friends
or colleagues. Administration of both efavirenz and
nevirapine is independent of food and both agents
may be taken once daily (although nevirapine is
only approved for twice daily use). Delavirdine is
approved for 3 times daily administration but is
widely used as twice daily. An improved formula-
tion enabling a dosage of 2 tablets twice daily
should soon be available. Whereas efavirenz and
nevirapine have long plasma half-lives (≈50 and
≈28 hours, respectively), delavirdine has a 4- to
6-hour plasma half-life. Although a long half-life
may have advantages for flexible timing of doses,
it does represent an obstacle to using these agents
in ‘structured treatment interruption’or ‘pulse ther-
apy’ approaches.

4.5 Compartmental Penetration

Both nevirapine and efavirenz are also known to
penetrate the CSF with free (non-protein bound)
quantities of each agent being at least similar to
free-plasma levels. Data on delavirdine are limited
but this type of molecule is likely to penetrate the
CNS.

Data on effects in lymph nodes of PI-sparing
regimens have not been extensively examined. How-
ever, as the majority of plasma virus derives from
lymphoid tissue, falls in plasma viral load with
these regimens should represent control of virus in
lymph nodes. Recent data with efavirenz suggest
that clearance of viral activity from lymph nodes
may be similar to that reported with protease inhib-
itors.[18]

5. Conclusions

NNRTI-based approaches to therapy appear at-
tractive in terms of convenience of administration
and long term tolerability, as well as offering CNS
penetration and a diminished potential for clini-
cally-important drug interactions relative to PIs.
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Adverse effects with these agents do not extensively
overlap with NAs and are generally observed only
during the first month of therapy. Thus, once a pa-
tient is established on NNRTI therapy, tolerability
is generally not a problem. Studies of similar de-
sign in treatment naïve patients have compared
with a 3 times daily indinavir regimen to twice
daily administration regimens with NNRTI-based
approaches. Efavirenz provided superior efficacy
to indinavir, whereas nevirapine regimens pro-
vided similar efficacy to indinavir but may be su-
perior to nelfinavir. Comparative data with del-
avirdine are lacking, although older studies with
this agent suggest activity in initial regimens supe-
rior to dual therapy. Data with efavirenz in patients
with baseline viral loads >105 copies/ml suggest no
diminution of activity. Data from comparative tri-
als with nevirapine or delavirdine in these patients
is currently lacking.

In treatment-experienced patients data are less
clear. All agents may contribute to the efficacy of
second-line regimens. Data from a small nonran-
domised cohort of PI + NA-experienced patients
suggested greater activity for efavirenz than ne-
virapine with abacavir. Interest in delavirdine in
second-line therapy is currently focussed on its po-
tential to act as a pharmacokinetic enhancer of PIs.
The role of these agents in substituting for a PI in
individuals fully suppressed on a PI-based regimen
is currently under investigation. Sequencing of
NNRTIs appears limited by a high level of cross-
resistance between agents. Interest in combining
NNRTIs to achieve additive or synergistic anti-
retroviral effects is growing and clinical trials eval-
uating the safety and efficacy of this approach are
ongoing.
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