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Introduction

The primary goals of antiretroviral therapy in
the management of HIV infection are maximal
and durable suppression of viral load, restora-
tion and preservation of immunologic function,
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Abstract

Although not yet recommended, regimens combining both a non-nucleoside
reverse transcriptase inhibitor (NNRTI) and protease inhibitors (PI) can be used
as first-line therapy, or as second-line or salvage therapy in patients who need
to change antiretroviral treatment because of nucleoside reverse transcriptase
inhibitors (NRTI) intolerance or virological failure with resistance to NRTI. Such
combinations should not be used in patients infected with HIV-1 group O and
HIV-2, due to the natural resistance to NNRTI of these subtypes. Dual NNRTI and
PI combinations used as first-line therapy allow to spare NRTI, leaving a fully
active class of drugs for later use, and delaying the risk of toxicity related to
NRTI exposure, particularly mitochondrial toxicity. Several studies have shown
that adding a NNRTI improves the efficacy of a second-line or salvage therapy
based on a new combination of PI(s) and new or recycled NRTI(s). A possible
explanation for the efficacy of NNRTI-containing regimens in NRTI-pretreated
patients is that mutations conferring resistance to NRTI can increase the
susceptibility of the viruses to the NNRTI. However, the decision to use a NNRTI
in a salvage regimen needs to be weighed against the concern that subsequent
failure will exhaust therapeutic options with any compound of this class, due
the large degree of cross-resistance between the three available NNRTI. NNRTI
and PIs are extensively metabolized in the liver through cytochrome P450,
leading to pharmacokinetic interactions. The decrease in PIs plasma
concentrations observed when they are combined with nevirapine or efavirenz is
reduced when low doses of ritonavir, which strongly inhibits cytochrome P450,
are associated with the combination of PI and NNRTI.
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improvement of quality of life and reduction of
HIV-related morbidity and mortality. Eradication
of HIV infection cannot be achieved with the
available antiretroviral agents. Thus, once treat-
ment has been initiated, it has to be maintained,
exposing the patient to an increasing risk of
long-term toxicity.

At least three antiretroviral agents are employed
in highly active antiretroviral therapy (HAART),
resulting from the magnitude of the effects seen in
the early clinical trials of regimens combining the
new protease inhibitors with the established nu-
cleoside reverse transcriptase inhibitors (NRTI).
As recommended by the guidelines established
by different panels of experts1,2, two NRTI provide
the backbone of HAART, and will be associated
with either a protease inhibitor, or with a non-
nucleoside reverse transcriptase inhibitor (NNRTI),
mainly efavirenz. The third alternative, a 3-NRTI
regimen, has shown to be comparable to PI-
containing regimens, except in patients with high
baseline viral load (>100,000 copies/ml), in whom
the antiviral activity might be suboptimal3. Cross-
resistance within compounds of the same class
has been reported for each class of drugs, but is
particularly important for the NNRTI. This cross-
resistance reduces the therapeutic efficacy of
second-line and further regimens.

Dual NNRTI and PI combinations may be inter-
esting as first-line therapy: 1) as sparing a com-
plete class of drugs that will remain fully active for
later use, and 2) in preventing the risk of mito-
chondrial toxicity related to exposure to NRTI. In
patients failing antiretroviral therapy, NNRTI and PI
combinations, with or without additional NRTI,
have proved to be effective, providing that the
virus remains susceptible to the NNRTI and, at
least in part, to the PI used.

We will successively review the updated data
on NRTI-related toxicity, NRTI cross-resistance,
hypersusceptibility to NNRTI, particularly after
exposure to RTIs and reduced activity of NNRTI
on some HIV subtypes, the activity and tolerance
of dual NNRTI-PI therapy in naïve and pretreated
patients, the pharmacokinetic interactions be-
tween NNRTI and PI, the resistance profile in
patients failing NNRTI/PI therapy and the limits of
such combinations.

NRTI mitochondrial toxicity

NRTI are incorporated into the elongation viral
DNA molecules being transcribed by HIV reverse
transcriptase and thereby inhibit HIV replication.
However, they also inhibit human DNA polymerase
and consequently mitochondrial DNA (mtDNA)
replication, resulting in mtDNA depletion and drug
toxicity. Various adverse effects have been ob-
served in patients treated with NRTI. These events,
which can be ascribed to the mitochondrial toxic-
ity induced by NRTI, include peripheral neuropa-
thy, pancreatitis, diabetes, myopathy, hepatic ste-
atosis and lactic acidosis.

Although cases of severe lactic acidosis with
hepatomegaly and steatosis are rare (1.3 cases/
1,000 person-years of NRTI-exposure), this syn-
drome is associated with a high mortality rate4,5.
Eight cases of lactic acidosis during pregnancy
have been reported, seven of which were in
patients receiving the combination of stavudine
and didanosine; there were three maternal
deaths and three fetal deaths6. The initial clinical
signs of patients with lactic acidosis syndrome are
variable and include nonspecific gastrointestinal
symptoms, myalgias and weight loss. Ascending
neuromuscular weakness has been reported to be
associated with lactic acidosis6; 22 out of the 25
patients were receiving stadudine. In addition to
hyperlactatemia, laboratory evaluation might re-
veal an increased anion gap, elevated ami-
notransferases, lactic dehydrogenase and lipase.
Because substantial technical problems are asso-
ciated with lactate testing, routine monitoring of
lactate level is not usually recommended. Clini-
cians must first rely on other laboratory abnormal-
ities plus symptoms when lactic acidosis is sus-
pected. Levels >5 mmol/dl are abnormal and
levels >10 mmol/dl indicate serious and life-threat-
ening situations. Antiretroviral treatment should be
suspended in case of clinical and laboratory man-
ifestations of lactic acidosis. Some patients toler-
ate administration of a revised NRTI-containing
regimen7,8, but insufficient data exist to recom-
mend this strategy versus treatment with a NRTI-
sparing regimen.

Certain features of lipodystrophy syndrome have
been hypothesized as being tissue-specific mito-
chondrial toxicities caused by NRTI treatment9-11.
Face and extremities lipoatrophy has been report-
ed to increase with long-term NRTI exposure, and
different studies argue for a preponderant role of
stavudine among NRTI in the occurrence of lipoat-
rophy11,12. Different studies have shown that
switching from stavudine to either zidovudine13 or
abacavir13-15 was associated with an improvement
in peripheral lipoatrophy, providing evidence that
lipoatrophy was reversible with drug interruption.

NRTI cross-resistance

Until recently, resistance to nucleoside ana-
logues was supposed to account for the emer-
gence of specific mutations for each compound of
this class. For example, mutation at codon L74V
resulted in a reduction of sensitivity to didanosine,
M184V to lamivudine and T215Y/F to zidovudine.
Genotypic determinants to stavudine resistance
remained unclear since V75T was rarely found in
vivo. Recent observations have made cross-resis-
tance to NRTI clearer. Actually, three patterns of
multi-NRTI resistance have been identified. These
include multi-nucleoside resistance (MNR) pat-
terns and the set of zidovudine mutations. The
first described pattern of MNR mutations was the
association of A62V, V75I, F77L, F116Y and
Q151M substitutions, the last one being critical for
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this broad cross-resistance16-18. A second path-
way is the presence of amino acids insertions,
mostly serine, between codon 68 to 70 of the RT
gene19-21. The third pattern involves zidovudine
resistance mutations. Over the past few years,
evidence has been accumulating that zidovudine
resistance mutations can be selected by stavu-
dine, another thymidine analogue22-30. Moreover,
the presence of zidovudine mutations (M41L,
D67N, K70R, L210W, T215Y/F and K219Q/E) has
a negative impact on virological response to d4T-
containing regimens31-35 and up to 30% of sub-
jects failing d4T select for the classical zidovudine
mutations18,25,26. This set of mutations has been
named thymidine analogue mutations (TAM). It
has also been reported that zidovudine resistance
mutations are selected after prolonged therapy
with didanosine in the absence of zidovudine36-38.
Therefore, the term nucleoside associated muta-
tions (NAM) would apply more appropriately as
they also contribute to resistance to non-thymidine
nucleosides39. The mechanism by which the NAM
are responsible for large cross-resistance among
nucleoside analogues is an improvement of the
excision of the chain terminator by phosphoroly-
sis40 rather than the decreased binding of the
inhibitor to the target.

Hypersusceptibility to NNRTI

NNRTI bind to a hydrophobic pocket in the
reverse transcriptase enzyme located close to
the active site and inhibit HIV-1 allosterically by
displacing the catalytic aspartate residue relative
to the polymerase-binding site. A limitation of this
class of antiretroviral compounds is that a single
mutation in the RT enzyme may confer high-level
resistance to one or all these agents41-44. NNRTI
have been effective in suppressing HIV in combi-
nation with two NRTI in both naïve patients and
some NRTI-experienced patients, despite a low
resistance barrier45-48. A possible explanation for
the efficacy of combination therapy with NRTI and
NNRTI is that mutations conferring resistance to
one class can increase the susceptibility of the
viruses to the other class.

In 1992, Larder, et al. demonstrated that the
presence of Y181C and L100I mutations associat-
ed with resistance to NNRTI increases the sus-
ceptibility to zidovudine in a given isolate49. More
recently, different studies have reported that in-
creasing numbers of NRTI mutations may en-
hance susceptibility to NNRTI (i.e., hypersuscep-
tibility)50-52. NNRTI hypersusceptibility has been
defined as a 50% inhibitory concentration (IC50) of
>2.5-fold less than that of the wild-type reference
strain. This phenomenon has been described in
association with multiple NRTI mutations, includ-
ing the classical zidovudine mutations, conferring
large cross-resistance among NRTI and in the
absence of NNRTI associated mutations.

The prevalence of NNRTI hypersusceptibility
varies among the studies. The first study by

Whitcomb, et al. on 447 NRTI-experienced pa-
tients reported a prevalence of 29%50. Retro-
spectively, in a sub-study from 164 patients of
the California Collaborative Treatment Group
(CCTG) 575 trial who had received efavirenz as
part of their treatment regimen, Haubrich report-
ed a prevalence of 24%51. In the study from
Shulman this prevalence was higher, reaching
40%, probably because of the highly treatment-
experienced nature of the cohort52. The fold
change susceptibility to efavirenz correlated in-
versely with the number of NRTI mutations in the
two studies50,52. The pattern of mutations ob-
served in subjects with EFV hypersusceptibility
was M41L, M184V and T215Y, usually with L210W
and, in a multivariate model, mutation at codon
215 significantly enhanced the EFV susceptibili-
ty52. Patients with baseline viruses exhibiting EFV
hypersusceptibility achieved greater virological
short-term response with EFV-containing salvage
regimens than those who did not have hypersus-
ceptibility. The same type of results was reported
by Haubrich, et al. in patients enrolled in CCTG
trials. The mean decrease in plasma HIV-RNA six
months after starting a new NRTI-containing reg-
imen was greater for the 21 patients with hyper-
susceptibility to NNRTI than in the 77 patients
without hypersusceptibility to NNRTI. The differ-
ence persisted through 12 months of therapy.
NNRTI hypersusceptibility in NRTI-experienced
patients may explain the role of these compounds
in salvage regimens53.

Regarding NNRTI hypersusceptibility in a clini-
cally significant way elevates this finding from
merely an interesting in vitro phenomenon to a
potential clinical tool. With a prevalence of ap-
proximately 20% for each of the three NNRTI
agents, the occurrence of NNRTI-hypersuscepti-
bility is relevant for a great number of patients
who stand to gain enhanced antiretroviral efficacy.
The confirmation that it is associated with prior
use of NRTI may help to define exactly when the
NNRTI class may best be used in treatment strat-
egies: namely, in NRTI-experienced, NNRTI-naïve
patients on failing regimens. This strategy of hold-
ing NNRTI for use in later rather than initial thera-
py regimens may seem to defy other findings that
underline the usefulness of first-line NNRTI-based
regimens.

The mechanism of NNRTI hypersusceptibility is
still unknown and may be due to conformational
changes occurring in the RT enzyme with NRTI
mutations that increase the affinity of NNRTI to
their binding pocket. In vitro phenotypic testing in
different cell populations is needed to explore
NNRTI hypersusceptibility further.

Reduced susceptibility to NNRTI in
HIV-1 group O and HIV-2

To date, decreased susceptibility to NNRTI in
HIV-1 non-B subtypes has not been demonstrat-
ed54. In contrast, HIV-1 group O, first identified in
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Cameroon in 1994 and located mainly in Central
Africa, is naturally resistant to NNRTI55. Genotypic
analysis of HIV-1 group O reverse transcriptase
gene revealed a tyrosine-to-cysteine substitution
at residue 18155. Phylogenetic analysis of the pol
gene showed that these isolates formed a sepa-
rate cluster within group O55. The natural resis-
tance to NNRTI for both HIV-1 group O and HIV-2
limits the use of this class of compounds in pre-
venting vertical transmission, in particular in de-
veloping countries.

HIV-2 isolates appeared to be sensitive to most
NRTI56 and PI57,58 although there are some reports
showing diminished susceptibility to compounds
of this class59,60. HIV-2 viruses are naturally resis-
tant to at least all NNRTI licensed61 probably due
to mutations found in the NNRTI hydrophobic
binding pocket of the reverse transcriptase en-
zyme. There is little overlap sequence identity
between HIV-1 and HIV-2 viral genomes62,63; the
pol gene of both viruses is highly conserved but
there is only 60% identity between HIV-1 and HIV-2
residues that points toward the NNRTI binding
pocket in the RT gene61. One of the key differences
is the presence of an isoleucine instead of a
tyrosine at codon 181.

Antiviral activity of NNRTI and PI
combinations

Drug-naïve patients
In naïve individuals, initiation of an antiretroviral

treatment combining a NNRTI and a PI would
allow to spare the use of NRTI in first-line therapy.
Although guidelines recommend the use a “triple-
drug combination”, the intrinsic potency of both
NNRTI and PI would allow using them under this
unusual combination of only two drugs. Few trials
have evaluated the activity of this type of antiret-
roviral therapy. We will review the studies per-
formed: 1) in truly naïve patients, and 2) in pa-
tients previously exposed to nucleosides, but
naïve for NNRTI and PI, and for whom the residual
antiviral activity of NRTI associated to PI and
NNRTI could be considered to be low due to
extensive prior exposure to this class of drugs.

A preliminary open-label study was conducted
by Harris in 22 patients with advanced HIV-dis-
ease who had disease progression or virological
failure while receiving NRTI-based combination
therapy64. Patients received a combination of nevi-
rapine 200 mg bid, indinavir 800 mg tid and
lamivudine, without washout before starting therapy.
All patients except three had previously demon-
strated evidence of treatment failure with lamivu-
dine, and likely carried lamivudine-resistant virus.
At baseline, the median CD4 cell count was 30/mm3

and the median plasma HIV-RNA was 5.16 log
copies/ml. Nevirapine, indinavir and lamivudine
given in combination had very substantial antiviral
and immunologic effects, leading to a median
reduction of plasma HIV-RNA > 3 log copies/ml

which remained for the 24 weeks of the study,
associated with a median increase in CD4 cell
count of 95 cells/mm3. These favorable results
were observed in spite of the pharmacokinetic
interaction between nevirapine and indinavir. In
fact, the negative pharmacokinetic sub-study per-
formed in 17 patients found that indinavir peak
and trough levels were reduced compared to
published levels for indinavir monotherapy, show-
ing the necessity to increase the indinavir daily
dosage when this drug is used in combination
with nevirapine.

In a large, randomized, open-label trial, Staszew-
ski, et al. compared three drug regimens: 1) efavirenz
plus indinavir, 2) efavirenz plus zidovudine and lami-
vudine, and 3) indinavir plus zidovudine and lamivu-
dine46. The indinavir dosage was increased from
800 mg tid to 1000 mg tid in the efavirenz plus
indinavir group, to compensate for the increased
metabolism of indinavir in the presence of efavirenz.
Patients had not previously been treated with lami-
vudine, NNRTI or PI. Eighty five percent of the
patients were naïve of any antiretroviral therapy.
Baseline mean CD4 cell count was 345/mm3 and
mean baseline plasma HIV-RNA was 4.77 log cop-
ies/ml. A total number of 450 patients were ran-
domized between the three arms. According to an
intention-to-treat analysis, the percentages of pa-
tients with plasma HIV-RNA levels of less than 400
copies/ml at week 48 were 70% in the group
assigned to efavirenz plus NRTI, 53% in the group
assigned to indinavir and efavirenz, and 48% in the
group assigned to indinavir plus NRTI. At week 48,
mean increases of 201, 185 and 180 CD4 cells/
mm3 were found in the group given efavirenz plus
NRTI, the group given indinavir plus NRTI, and the
group given efavirenz plus indinavir, respectively.
The rate of discontinuation as a result of adverse
events was significantly higher in the indinavir plus
NRTI group than in either of the efavirenz groups.
These adverse events were largely gastrointestinal.
The incidence of central nervous system symptoms
was similar in the two arms containing efavirenz,
i.e. 58% in the group given efavirenz and NRTI,
53% in the group given efavirenz plus indinavir. In
this study, 200 mg capsules of indinavir were used.
Thus, patients assigned to receive efavirenz and
NRTI had to take far fewer pills than the other
patients (four pills of indinavir taken three times
daily without food and three pills of efavirenz taken
once daily). The superior results of the arm without
indinavir could therefore be in part due to better
adherence of patients to the regimen. Furthermore,
this mode of administration of indinavir is no longer
used, and results may have been different with
the combination of ritonavir at baby doses and
indinavir, that allows a bid administration with a
reduced daily number of pills, without restriction
for food. It was possible to conclude from this
study that a NNRTI/PI combination was as effec-
tive as a triple-drug therapy combining PI and 2
NRTI.

A randomized, double-blind placebo controlled
trial compared among 327 NRTI-experienced pa-
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tients, efavirenz plus indinavir to indinavir in com-
bination with ≤2 concomitant NRTI65. Patients were
PI and NNRTI naïve. The mean duration of prior
nucleoside therapy was 2.8 years and the mean
baseline plasma HIV-RNA load was 4.41 log cop-
ies/ml. According to an intention-to-treat analysis,
the percentages of patients with plasma HIV-RNA
levels of less than 400 copies/ml at week 24 were
68 and 52% in patients assigned to efavirenz plus
indinavir and in patients assigned to efavirenz,
respectively (p < 0.04). In the subgroup of lamivu-
dine-experienced patients (246 subjects), the per-
centages of patients with virological response at
week 24 were similar to those reported in the
whole population of the study, for each treatment
arm. Efavirenz-treated patients were encouraged
to continue on the initially assigned regimen, al-
lowing assessing the durability of antiviral effect
beyond 24 weeks. Data demonstrated that viro-
logical and immunologic responses were well
maintained at week 48. The increase in serum
cholesterol and triglycerides was significantly
higher in the efavirenz group at week 24. This
study established the value of efavirenz plus indi-
navir, administered with concomitant NRTI, in the
treatment of patients heavily pretreated by NRTI.
The long duration of previous exposure to NRTI
and the high percentage (75%) of patients pre-
treated with lamivudine suggest that most of the
antiviral effect resulted from the potency of
efavirenz and indinavir, and that the residual activ-
ity of concomitant NRTI was probably low. Al-
though resistance to NRTI was not studied at
baseline, one can expect that most patients had
genotypic resistance to most NRTI, including those
considered as “new NRTI”, due to the large de-
gree of cross-resistance between NRTI. In this
study, there was an unexpected association of
increasing duration of prior NRTI exposure with
more favorable virological response at week 24.
One possible explanation was that patients with
more extensive prior NRTI experience may be
more comfortable taking medications on a regular
basis and therefore may be more adherent.

In ACTG protocol 370, patients who failed d4T/
3TC or ddI/3TC were randomized to receive either
AZT/3TC/indinavir or AZT/delavirdine/indinavir66.
All patients were naïve for NNRTI and PI. Median
plasma HIV-RNA level was 3.06 log copies/ml at
entry in the study. At week 24, 66% of the patients
in the delavirdine arm had plasma HIV-RNA <50
copies/ml, as compared to 42% taking 3TC (p =
0.077). At week 48, plasma HIV-RNA was <200
copies/ml in 83% of patients in the delavirdine
arm as compared to 48% in the 3TC arm (p =
0.007). Time to virological failure, defined as 2
consecutive plasma HIV-RNA levels >200 copies/
ml, was shorter for patients in the 3TC arm (p =
0.044). Steady-state plasma indinavir levels were
higher among patients in the delavirdine arm as
compared to the 3TC arm. It is possible that the
superior outcome in the delavirdine arm was ex-
plained in part by the favorable pharmacokinetic
interaction between delavirdine and indinavir. In

this trial, the presence of TAM was associated
with a greater likelihood of viral suppression. How-
ever, delavirdine susceptibility was not significant-
ly associated with outcome, and better adherence
to treatment in the subgroup of patients with NRTI-
resistant virus at baseline was the most likely
explanation of the association between the pres-
ence of TAM and improved virological outcome67.

In the ACTG 364 study, 195 patients who had
been treated with NRTI were randomly assigned
to receive one of the three treatments in a double-
blind fashion: nelfinavir 750 mg tid, efavirenz 600
mg od or nelfinavir plus efavirenz48. Each patient
was also assigned to receive one of the three
combinations of open-label NRTI: didanosine plus
lamivudine, stavudine plus lamivudine, or stavu-
dine plus lamivudine. Assignments of NRTI were
made on the basis of the treatment the patient
had previously received. These regimens were
selected so that each patient received at least
one and if possible two new NRTI. At baseline, the
median CD4 cell count was 350/mm3, median
plasma HIV-RNA was 3.89 log copies/ml and the
median duration of previous NRTI treatment was
5.6 years. One third of the patients were naïve for
lamivudine. At week 16 and at weeks 40 and 48,
the proportions of patients in whom plasma HIV-
RNA levels <500 copies/ml was achieved were,
respectively, 81 and 74% in the nelfinavir plus
efavirenz group, 69 and 60% in the efavirenz
group, and 64 and 35% in the nelfinavir group.
Quadruple therapy achieved a higher rate of viral
suppression than triple therapy with nelfinavir or
efavirenz. Treatment with lamivudine as a new
nucleoside was a significant independent predic-
tor of viral suppression in multivariate analysis.
Mutations in the reverse-transcriptase gene at
baseline were examined retrospectively in 140
patients. Among the patients in whom genotyping
was completed, the response rates within the
treatment groups at weeks 40 and 48 were similar
to those in the overall study population. In the
group with five or more reverse transcriptase
mutations, or a known genetic marker of multi-
nucleoside resistance at baseline, HIV-RNA levels
of less than 50 copies/ml were achieved at weeks
40 and 48 in 19, 30 and 75% of the patients
included in the nelfinavir group, the efavirenz
group and the nelfinavir plus efavirenz group,
respectively. There were similar rates of viral sup-
pression in patients with zero to four RT mutations
as in those with five or more RT mutations or the
presence of mutations known to confer multi-nu-
cleoside resistance. These data argue for the low
level of antiviral activity of the NRTI included in
antiviral combination as “new NRTI” in these heavi-
ly NRTI-pretreated patients, except probably for
lamivudine, the genotypic resistance of which is
not related to the presence of thymidine associat-
ed mutations. In this study, a preliminary pheno-
typic analysis conducted at baseline in 130 pa-
tients showed that 37% of isolates of virus from
these patients were hypersusceptible to efavirenz,
defined as a concentration required to inhibit viral
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replication by 50% (IC50) <0.4 of the IC50 for a
wild-type reference strain. Negative correlation
was observed between the fold-change in sus-
ceptibility to zidovudine and efavirenz. There was
a significant association with the RTI mutations at
codon 215, 41 and 67. Mutations at codon 215
were present in 94% of hypersusceptible isolates.
While the clinical significance of hypersusceptibil-
ity is uncertain, continued use of NRTs to maintain
hypersusceptibility in salvage regimens utilizing
NNRTI is a treatment strategy that warrants eval-
uation68. The main results obtained in NNRTI and
PI naïve patients are summarized in table 1.

PI-experienced patients
Virological failure in the presence of PI may be

associated with resistance mutations that confer
cross-resistance to other PI. Switching to a sec-
ond PI-containing regimen may fail to produce
durable viral suppression. Several studies have
evaluated the role of NNRTI in combination with
second-line PI in patients for whom a PI-contain-
ing regimen had failed.

In an open-label study, Piketty, et al. assessed
the safety and efficacy of a combination of ritonavir
(100 mg bid), saquinavir (1,000 mg bid), efavirenz
(600 mg od) and two recycled nucleosides in 32
patients who failed on a conventional triple-drug
regimen including indinavir or ritonavir, but were
naïve for efavirenz69. Peak and trough plasma lev-
els of saquinavir were monitored throughout the
study. Median CD4 cell count and median plasma
HIV RNA at baseline were 258 cells/mm3 and 4.31
log10 copies/ml, respectively. The plasma viral load

decreased by a median of 1.20 log10 copies/ml
and the CD4 cell count increased by a median of
60 cells/mm3 at week 24 of therapy. Seventy-one
per cent of the patients achieved a plasma viral
load <500 copies/ml and 45% achieved a viral load
<50 copies/ml. Patients exhibiting phenotypic resis-
tance to saquinavir at baseline experienced a medi-
an decrease in HIV RNA of 0.91 log10 copies/ml at
week 24 of therapy, as compared to a decrease of
1.52 log10 copies/ml in those exhibiting sensitive
viral strains (p = 0.03).

ACTG study 359 compared antiretroviral activity
among six salvage therapy regimens. The study
was a prospective, randomized, 2 x 3 factorial,
multicenter study and enrolled 277 HIV-infected
patients naïve to NNRTI who had taken indinavir
>6 months. Patients received saquinavir with
ritonavir or nelfinavir, together with delavirdine
and/or adefovir and were followed between baseline
and week 1670. At baseline, the median plasma HIV-
RNA was 4.50 log copies/ml and the median CD4
cell count was 229 cells/mm3. The median length of
previous indinavir use was 14.4 months. At week
16, 30% of patients had HIV-RNA <500 copies/ml.
Virological response did not differ significantly
between the ritonavir and nelfinavir groups (28 vs
33%, p = 0.5) or between pooled delavirdine or
delavirdine/adefovir groups (40 vs 33%, p = 0.42).
Pooled delavirdine groups had a greater virologi-
cal response rate than did adefovir groups (40 vs
18%, p = 0.002). The superior virological effect
shown in the delavirdine-containing arm likely re-
sults from the fact that patients had not taken any
NNRTI before study entry. In addition, delavirdine
is an inhibitor of cytochrome P450-mediated me-

Table 1. Efficacy of NNRTI/PI combinations in NNRTI and PI naïve patients

Reference Previous treatment Treatment studied Baseline viral load Antiviral effect

Harris64 NRTI (including 3TC) 3TC/IDV/NVP 5.16 log cps/ml Decrease >3 log cps/ml
in HIV-RNA at week 24

Staszewski46 15% of patients: NRTI Percent of patients with
85% of patients: naïve HIV-RNA < 400 cps/ml
All patients 3TC naïve at week 48:

– EFV/IDV – 53% of patients
– AZT/3TC/IDV 4.77 log cps/ml – 48% of patients
– EFV/IDV – 70% of patients

Haas65 NRTI Percent of patients with
(mean time = 2.8 yers) HIV-RNA < 400 cps/ml

at week 24:
– EFV/IDV/ 1 or 2 NRTI 4.41 log cps/ml – 68% of patients
– IDV/ 1 or 2 NRTI – 52% of patients

Kuritzkes66 d4T/3TC or ddI/3TC Percent of patients with
HIV-RNA < 200 cps/ml
 at week 48:

– AZT/3TC/IDV 3.06 log cps/ml – 48% of patients
– AZT/DLV/IDV – 83% of patients

Albrecht48 NRTI D4T or ddI and Percent of patients with
(median time = 5.6 yers) HIV-RNA < 500 cps/ml

at week 16 and 40-48
– 3TC/NFV – 64 and 35%
– 3TC/EFV 3.89 log cps/ml – 69 and 60%
– 3TC/NFV/EFV – 89 and 74%

No part of this publication may be 

reproduced or photocopying 

�without the prior written permission 

�of the publisher

© Permanyer Publications 2010



AIDS Rev 2002;4
A

I
D

S
R

E
V

I
E

W
S

134

tabolism and can increase plasma concentrations
of PI. An intensive pharmacokinetic study con-
ducted in 37 of the study patients indicated that
saquinavir plasma concentrations were higher in
the delavirdine arms and lower in the delavirdine
and adefovir dipivoxil combination arms71. There
was also evidence for an interaction between
delavirdine and adefovir dipivoxil because
delavirdine plasma concentrations were signifi-
cantly lower in the combination arms than in the
delavirdine arms.

In a prospective, open-label study, 20 subjects
experiencing virological failure of an indinavir or
ritonavir-containing regimen after at least 24 weeks
of continuous therapy were assigned to receive a
combination of nelfinavir, saquinavir, abacavir, plus
either a NRTI (10 patients), or nevirapine (10
patients)72. Only one patient, included in the NRTI
group, had received prior therapy with NNRTI. All
subjects had evidence of ongoing viral replication
in the presence of indinavir or ritonavir for an
extended period (median 12.4 months) before
switching to the study medications. At week 24,
the median decrease in virus load was 0.39 log
in the NRTI group and 2.67 log in the nevirapine
group (p = 0.02). Results from baseline phenotyp-
ic drug susceptibility testing were available in 15
subjects completing 24 weeks of therapy. The
median change in plasma viral load at week 24
was –0.35 log in subjects with baseline virus
sensitive to 0 or 1 drug and – 2.24 log in subjects
with baseline virus sensitive to 2 or 3 drugs. This
study shows clearly that a PI-containing salvage
regimen in patients failing under PI is more effi-
cient when including at least one agent from a
class of antiretroviral agents to which the patient
is naïve. It has to be stressed that, in this study,
patients switched to a salvage regimen long after
initial indinavir or ritonavir-containing regimen
failed. Response rates to either treatment arm
may have been better if patients had switched
soon after treatment failure. Similar results with
NNRTI-based salvage regimens were seen in a
much larger observational study performed at San
Francisco General Hospital (13 of the 20 subjects
of the study contributed to that observational
study)73. Patients studied were HIV-infected adults
who had received at least 16 continuous weeks of
therapy with a potent protease inhibitor (indinavir,
ritonavir or nelfinavir)-based regimen, and who
had had at least 48 weeks of follow-up. Of the 99
patients who experienced virological failure and
switched to a salvage regimen, only 22 (22%)
achieved an undetectable HIV RNA level 24 weeks
after initiating salvage therapy. Independent pre-
dictors of failure with salvage therapy included an
HIV-RNA greater than 4.0 log10 RNA copies/ml at
the time of the switch and failure to use a non-
nucleoside reverse transcriptase inhibitor (NNRTI)
in the salvage regimen.

ACTG 373 trial was an open-label study de-
signed to determine the antiviral activity and the
safety of the four-drug regimen combining indi-
navir, nevirapine, stavudine and lamivudine in 56

patients previously exposed to amprenavir, either
as monotherapy (36 subjects) or in combination
with other antiretroviral agents (20 subjects)74.
Seventy three percent of the subjects had HIV-
RNA < 500 copies/ml at week 48. Prior treatment
with amprenavir combination therapy, time on the
amprenavir regimen and prior NNRTI use were
associated with virological failure.

Benson, et al. compared the activity and safety
of lopinavir 400 mg bid, administered with two
different doses of ritonavir (100 mg bid and 200
mg bid) in patients failing on a first PI-containing
regimen and naïve for NNRTI75. On day 15, nevi-
rapine was added and the NRTI regimen was
changed. A mean reduction of 1.14 log copies/ml
of plasma HIV-RNA was observed at week 2. In a
comparison between patients with <4-fold or ≥4-
fold reduced susceptibility to lopinavir at baseline,
there was no difference in the reduction in plasma
HIV-RNA at week 2. At week 48, 70 and 60% of
the patients had plasma HIV-RNA < 400 copies/ml
and <50 copies/ml, respectively, in intent-to-treat
analysis. The mean increase from baseline in CD4
cell count was 125 cells/mm3 at week 48. Factors
that likely contributed to these results are limited
prior PI treatment, plasma HIV-RNA < 100,000
copies/ml at baseline and the use of a drug in a
class not previously received. A ≥4-fold reduction
in baseline phenotypic susceptibility to lopinavir
was not associated with a diminished viral load
response at week 24 or week 48. An insufficient
number of isolates with higher levels of reduced
phenotypic susceptibility to lopinavir prevented to
delineate the clinically relevant breakpoint for phe-
notypic resistance. The ranges of lopinavir trough
concentrations were 1.8-7.9 µg/ml for the 400/100
mg dose and 3.6-16.6 µg/ml for the 400/200 mg
dose. Although the lowest trough concentrations
observed were at or above the protein binding-
corrected lopinavir IC50 for all baseline isolates
tested, comparison of pharmacokinetic data from
this study with data from patients receiving lopi-
navir/ritonavir without nevirapine suggests that
nevirapine reduces trough concentrations of lopinavir
in the presence of low doses of ritonavir. Consid-
eration should be given to increasing the dose of
lopinavir/ritonavir to 533/133 mg bid (4 coformu-
lated capsules) in patients receiving lopinavir/
ritonavir concomitantly with nevirapine when re-
duced susceptibility to lopinavir is clinically sus-
pected by treatment history or resistance testing.

The same combination of lopinavir/ritonavir and
nevirapine was studied in 30 antiretroviral-treated
patients with plasma HIV-RNA < 80 copies/ml
during at least nine months. Patients were
switched to either lopinavir/ritonavir 400/100 mg
plus nevirapine or lopinavir/ritonavir 400/100 mg
plus the two previous NRTI76. At six months, viral
suppression was maintained in both arms. There
was a similar increase in mean cholesterol in both
groups, whereas no significant changes were seen
in triglycerides levels. Mean lopinavir Cmin levels
were similar between both arms at steady state
conditions. Ongoing analysis of mitochondrial
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DNA/nuclear DNA ratios will provide information
on the benefit of NRTI interruption. In this study,
lopinavir/ritonavir plus nevirapine seemed to be as
safe and potent as lopinavir/ritonavir plus two NRTI;
however, nevirapine was not able to counteract the
lipid abnormalities related to lopinavir/ritonavir.

The efficacy and the safety of lopinavir/ritonavir,
in combination with efavirenz, was investigated in
multiple PI-experienced, NNRTI naïve patients77.
The mean number of prior antiretrovirals was seven,
and the mean number of prior PI was three. Two
different dosages of lopinavir/ritonavir were stud-
ied: 400/100 mg bid and 533/133 mg bid. Seventy
five percent of the patients did not receive a new
NRTI in conjunction with lopinavir/ritonavir and
efavirenz within the first eight weeks of study. A
baseline viral isolate demonstrating a ≥10-fold
increase in IC50 of lopinavir relative to wild-type
virus was found in 43% of the patients. Lopinavir/
ritonavir 533/133 mg dose with efavirenz provided
similar lopinavir exposure to the 400/100 mg dose
without efavirenz. All patients were converted to
the 533/133 mg dose after week 24. At week 72,
67 and 61% of the patients had plasma HIV-RNA
<400 copies/ml and <50 copies/ml, respective-
ly, in intent-to-treat analysis. A response rate at
<400 copies/ml was observed in 93% of patients

whose baseline isolates displayed <10-fold re-
duced in vitro susceptibility to lopinavir, whereas it
was observed in 73 and 25% of patients with 10-
40 and >40-fold reduced susceptibility to lopinavir
at baseline, respectively. Similarly, at 72 weeks, a
response rate at 72 weeks at <400 copies/ml was
observed in 91% of patients whose baseline iso-
lates contained 0-5 mutations associated with re-
duced in vitro susceptibility to lopinavir, but in only
71 and 33% of patients with 6-7 and 8-10 resis-
tance mutations to lopinavir, respectively. At week
72, the mean change from baseline in CD4 cell
count was 126 cells/mm3.

In a comparative randomized trial designed to
assess whether adding a second PI improved
antiviral efficacy of a 4-drug combination, including
efavirenz, in patients with virological failure while
taking a PI-containing regimen, Hammer, et al.
showed that being naïve for NNRTI was associated
with a favorable outcome78. In this trial, patients
received a combination of efavirenz, abacavir,
amprenavir and adefovir dipivoxil with either place-
bo, indinavir, nelfinavir or saquinavir. At week 24, a
higher proportion of NNRTI-naïve patients had a
viral load <200 copies/ml compared with NNRTI-
experienced patients (43 vs 16%, p < 0.001).
Baseline HIV hypersusceptibility to efavirenz

Table 2. Efficacy of NNRTI/PI combinations in PI pretreated patients

Reference Previous treatment Treatment studied Baseline viral load Antiviral effect

Piketty69 NRTI and IDV or RTV 2 NRTI/EFV/SQV/RTV 4.31 log cps/ml 1.2 log cps/ml decrease
in HIV-RNA at week 24

Gulick70 NRTI and IDV – SQV/RTV/DLV Percent of patients with
– SQV/RTV/ADF HIV-RNA < 500 cps/ml
– SQV/NFV/DLV 4.50 log cps/ml at week 16:
– SQV/NFV/ADF – Pooled DLV
– SQV/RTV/DLV/ADF groups: 40%
– SQV/NFV/DLV/ADF – Pooled without DLV

groups: 18%

Deeks72 NRTI and IDV or RTV – NFV/SQV/ABC/NRTI 4.50 log cps/ml Median decrease in
– NFV/SQV/ABC/NVP 4.24 log cps/ml HIV-RNA at week 24:

– NRTI group:
0.39 log cps/ml

– NVP group:
2.67 log cps/ml

Gulick74 APV ± NRTI ± NNRTI IDV/NVP/d4T/3TC 4.19 log cps/ml 78% of patients with
HIV-RNA < 500 cps/ml
at week 48

Benson75 NRTI and PI (first line) RTV/LPV/NVP/NRTI 4.1 log cps/ml 70% of patients with
HIV-RNA < 400 cps/ml
at week 48

Danner77 NRTI and PI RTV/LPV/EFV/NRTI 4.5 log cps/ml 67% of patients with
(mean number = 3 PI) HIV-RNA < 400 cps/ml

at week 72

Hammer78 NRTI and PI ± NNRTI EFV/APV/ABC/ADV and Percent of patients with
– placebo HIV-RNA < 200 cps/ml
– or IDV 4.71 log cps/ml at week 24:
– or NFV – NNRTI-naïve patients:
– or SQV 43%

– NNRTI-experienced
patients: 16%

IDV = indinavir, RTV = ritonavir, NFV = nelfinavir, APV = amprenavir, SQV = saquinavir, LPV = lopinavir, NVP = nevirapine,
EFV = efavirenz, DLV = delavirdine, ADF: adefovir, TNF = tenofovir, ABC = abacavir
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Table 3. Pharmacokinetic interactions between NNRTI and PI

Protease Nevirapine Delavirdine Efavirenz
inhibitor

Indinavir Indinavir decreases 28%, nevirapine Indinavir increases >40%; delavirdine Indinavir decreases 31%; efavirenz
no effect indinavir 1000 mg every no effect indinavir 600 mg every 8 h, no effect; indinavir 1000 mg every
8 h, nevirapine standard dose delavirdine standard dose 8 h, standard dose efavirenz

Ritonavir Ritonavir decreases 11%, nevirapine Ritonavir increases 70-100%, Ritonavir increases 18%, efavirenz
no effect standard dose delavirdine no effect increases 21%

Monitor ritonavir levels and toxicity

Saquinavir Saquinavir decreases 25%, Saquinavir increases 5 times, Saquinavir decreases 62%, efavirenz
nevirapine no effect delavirdine no effect decreases 12%
Co-administration not recommended Allows administration of saquinavir Co-administration not recommended
without ritonavir boosting hard gel without ritonavir boosting without ritonavir boosting

Nelfinavir Nelfinavir increases 10%; Nelfinavir increases 2 times; Nelfinavir increases 20%
nevirapine no effect delavirdine decreases 50% Standard dose
Standard dose

Amprenavir Potential decreases in Amprenavir increases 2 times; Amprenavir decreases 36%
amprenavir level delavirdine decreases 60% Increase amprenavir dose or add

ritonavir; efavirenz standard dose

Lopinavir Lopinavir Cmin decreases 55% Lopinavir levels expected to Lopinavir blood AUC decreases
Ritonavir Consider 533/133 mg bid in increase 40%; efavirenz decreases 15%

PI-experienced patients Increase lopinavir/ritonavir to
Nevirapine standard dose 433/133 mg bid, efavirenz standard

dose.

Atazanavir Atazanavir decreases 74%
[Ref 83] Add ritonavir, efavirenz standard

dose

(≤0.4-fold difference in susceptibility compared with
reference virus) was associated with suppression
of viral load at week 24 (OR = 3.49).

The decision to use a NNRTI in a salvage regi-
men needs to be weighed against the concern that
subsequent failure will exhaust therapeutic options
with any compound of this class, due the large
degree of cross-resistance between the three
available NNRTI. The main results obtained in
pretreated patients are summarized in table 2.

Pharmacokinetic interactions

NNRTI and PI are extensively metabolized in
the liver through cytochrome P450, leading to
pharmacokinetic interactions. Nevirapine is an in-
ducer of cytochrome P450 activity, efavirenz is a
mixed inducer and inhibitor and delavirdine is an
inhibitor of the cytochrome P450. Thus, compared
to nevirapine, delavirdine has opposite interac-
tions with compounds utilizing the same metabolic
pathway, particularly PI, whose plasma concentra-
tions are increased in the presence of delavirdine.
Reciprocal kinetic interactions and recommended
dosages of drugs are summarized in table 3.
Plasma levels of the three available NNRTI are not
significantly altered by available PI, except delavir-
dine whose AUC is decreased by 40% in the
presence of nelfinavir and by 60% in the presence
of amprenavir79, and efavirenz whose plasma AUC
is increased by 21% in the presence of ritonavir.
The decrease in PI plasma concentrations ob-
served when they are combined with nevirapine

or efavirenz is reduced when low doses of
ritonavir, which strongly inhibits cytochrome
P450, are associated to the combination of PI
and NNRTI80-82.

Resistance profile in patients
failing a NNRTI-PI containing
regimen

Hoover, et al. studied genotypic and phenotyp-
ic resistance in 69 patients failing a regimen
combining PI and NNRTI84. These patients had no
previous NNRTI exposure and no NNRTI baseline
genotypic or phenotypic resistance. NNRTI phe-
notypic and genotypic resistance were found in
83 and 78% of the failing patients, respectively.
This high risk of NNRTI resistance was associated
with the low number (≤2) of additional drugs being
prescribed. In a retrospective cohort study evalu-
ating resistance to NNRTI in patients failing a
nevirapine plus PI-based regimen, prescribed as
a rescue regimen, resistant isolates to nevirapine
were found in 92% of patients at week 24. The
development of nevirapine resistance was associ-
ated with baseline resistance to PI included in the
regimen85. In the PACTG 377 study, in which
children failing nucleosides were treated with d4T
plus PI (nelfinavir or ritonavir) and 3TC, nevirapine
or both, resistance mutations to nevirapine or 3TC
were detected frequently at virological failure,
whereas mutations associated with nelfinavir or
ritonavir resistance were rarely detected86.
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These data show that virological failure in the
presence of a NNRTI-PI containing regimen is
mainly associated with the emergence of resis-
tance to NNRTI, in relation with the low genetic
barrier of this class of compounds. The large
degree of cross-resistance between the three
available NNRTI then prevents the use of NNRTI in
further rescue regimens. For these reasons, when
NNRTI are prescribed as part of a salvage treat-
ment, they must be part of a potent and fully
active regimen, combining, if necessary, two PI at
full dosage.

In conclusion, although experience remains
limited, NNRTI/PI combination regimens can be
used as first-line therapy to selectively delay the
risk for certain side effects associated with NRTI,
or as second-line or salvage therapy in patients
who need to change therapy because of NRTI
intolerance or virological failure with resistance
to NRTI.

The choice to start antiretroviral therapy with a
NNRTI/PI combination is not yet recommended1,2

due to the limited number of clinical studies that
compare the efficacy of NNRTI/PI combinations
versus NRTI with either NNRTI or PI. Advantages
would include targeting HIV at two different steps
of viral replication, sparing NRTI’s side effects,
preserving NRTI class in case of virological fail-
ure and, most often, limiting and delaying resis-
tance to PI in case of failure, since this resistance
usually requires multiple mutations. In patients
with advanced HIV disease, bone marrow sup-
pression associated with zidovudine and the neu-
ropathic effects of zalcitabine, didanosine or sta-
vudine can combine with the direct effects of HIV
to render the drugs intolerable, highlighting the
value of NNRTI/PI combinations. The possible dis-
advantages of these combinations include drug
interactions, including with non-antiretroviral drugs
(rifampin, for example), regimens that might be
difficult to use and adhere to, risk of PI-related
long-term side effects such as hyperlipemia and
insulin resistance and high risk of cross-resis-
tance throughout the entire NNRTI class in case of
failure. Since with a potent regimen the durable
suppression of HIV replication reduces the risk of
emergence of resistant variants, the therapy’s goal
should be to lower plasma HIV-RNA below detect-
able limits, thereby providing the strongest means
to avoid the emergence of resistant viruses. Pro-
tease boosting by co-administering low dose
ritonavir increases the trough levels of other PI,
leading to more convenient regimens regarding
pill burden, scheduling, elimination of food restric-
tion and preventing efavirenz- or nevirapine-in-
duced drug interactions.

The use of NNRTI/PI combinations as second-
line or salvage therapy should remain limited to
patients who have not failed previously a NNRTI-
containing regimen and should be guided by
results of resistance testing to define the best
choice of PI. Several studies have shown that
adding a NNRTI improves the efficacy of a sec-
ond-line or salvage therapy based on a new

combination of PI and new or recycled NRTI. The
development of new NNRTI that remain active on
viruses resistant to the three compounds available
at the present time will extend the interest of
NNRTI/PI combinations in the treatment of pa-
tients who have previously failed NNRTI.

References

1. Yeni P, Hammer S, Carpenter C, et al. Antiretroviral treatment
for adult HIV infection in 2002: Updated recommendations of
the IAS-USA panel. JAMA 2002;288:222-35.

2. Dybul M, Fauci A, Bartlett J, et al. Guidelines for using
antiretroviral agents among HIV-infected adults and adoles-
cents. Recommendations of the panel on clinical practices for
treatment of HIV. MMWR 2002;51:1-55.

3. Staszewski S, Keiser P, Montaner J, et al. Abacavir-lamivu-
dine-zidovudine vs. indinavir-lamivudine-zidovudine in antiret-
roviral-naïve HIV-infected adults. JAMA 2001;285:1155-63.

4. Boubaker K, Sudre P, Flepp M, et al. Hyperlactatemia and
antiretroviral therapy in Swiss HIV Cohort Study. 7th CROI.
San Francisco 2000 [abstract 57].

5. Ter Hofstede H, De Marie S, Foudraine N, Danner S, Brink-
man K. Clinical features and risk factors of lactic acidosis
following long-term antiretroviral therapy: 4 fatal cases. Int J
STD AIDS 2000;11:611-6.

6. Marcus K, Truffa M, Boxwell D, Toerner J. Recently identified
adverse events secondary to NRTI therapy in HIV-infected
individuals: Cases from the FDA’s Adverse Event Reporting
System (AERS). 9th CROI. Seattle 2002 [abstract LB14].

7. Lonergan J, Behling C, Pfander H, Hassanein T, Mathews W.
Hyperlactatemia and hepatic abnormalities in 10 HIV-infected
patients receiving nucleoside analogue combination regimens.
Clin Infect Dis 2000;31:162-6.

8. Mokrzycki M, Harris C, May H, Laut J, Palmisano J. Lactic
acidosis associated with stavudine administration: a report of
five cases. Clin Infect Dis 2000;30:198-200.

9. Brinkman K, Smeitink J, Romijn J, Reiss P. Mitochondrial
toxicity induced by NRTI is a key factor in the pathogenesis
of antiretroviral therapy-related lipodystrophy. Lancet 1999;
354:1112-5.

10. Kakuda T, Brundage R, Anderson P, Fletcher C. Nucleoside
reverse transcriptase inhibitor-induced mitochondrial toxicity
as an etiology for lipodystrophy. AIDS 1999;13:2311-2.

11. Mallal S, John M, Moore C, James I, McKinnon E. Contribu-
tion of NRTI to subcutaneous fat wasting in patients with HIV
infection. AIDS 2000;14:1309-16.

12. Joly V, Flandre P, Meiffredy V, et al. Increased risk of lipoat-
rophy under stavudine in HIV-1-infected patients: results of a
substudy from a comparative trial. AIDS 2003; In Press.

13. McComsey G, Lonergan T, Fisher R, et al. Improvements in
lipoatrophy are observed after 24 weeks when stavudine
(d4T) is replaced by either abacavir (ABC) or zidovudine
(ZDV). 9th CROI. Seattle 2002 [abstract 701].

14. Carr A, Smith D, Workman C, et al. Switching stavudine or
zidovudine to abacavir for HIV lipoatrophy: a randomized,
controlled, open-label, multicentre, 24-week study. 9th CROI.
Seattle 2002 [abstract 32].

15. John M, James I, McKinnon E, et al. A randomized, controlled,
open-label study of revision of antiretroviral regimens contain-
ing stavudine (d4T) and/or a protease inhibitor (PI) to zidovu-
dine (ZDV)/lamivudine (3TC)/abacavir (ABC) to prevent or
reverse lipoatrophy: 48-week data. 9th CROI. Seattle 2002
[abstract 700].

16. Shirasaka T, KavlicK M, Ueno T, et al. Emergence of HIV type
1 variants with resistance to multiple dideoxynucleosides in
patients receiving therapy with dideoxynucleosides. Proc Natl
Acad Sci USA 1995;92:2398-402.

17. Iversen A, Shafer R, Wehrly J, et al. Multidrug-resistance of
HIV type 1 strains resulting from combination antiretroviral
therapy. J Virol 1996;70:1086-90.

No part of this publication may be 

reproduced or photocopying 

�without the prior written permission 

�of the publisher

© Permanyer Publications 2010



AIDS Rev 2002;4
A

I
D

S
R

E
V

I
E

W
S

138

18. Pellegrin I, Izopet J, Reynes J, et al. Emergence of zidovudine
and multidrug-resistant mutations in HIV-1 reverse tran-
scriptase gene in therapy naïve patients receiving stavudine
plus didanosine combination therapy. STADI group. AIDS
1999;13:1705-9.

19. Winters M, Coolley K, Girard Y, et al. A 6-basepair insert in the
reverse transcriptase of HIV type 1 confers resistance to
multiple nucleoside inhibitors. J Clin Invest 1998;102:1769-75.

20. Larder B, Bloor S, Kemp S, et al. A family of insertion
mutations between codon 67 and 70 of HIV type 1 reverse
transcriptase confer multinucleoside analog resistance. Anti-
microb Agents Chemother 1999;43:1961-7.

21. Masquelier B, Race E, Tamalet C, et al. Genotypic and
phenotypic resistance patterns of HIV type 1 variants with
insertions and deletions in the reverse transcriptase (RT):
multicenter study of patients treated with RT inhibitors. Antimi-
crob Agents Chemother 2001;45:1836-42.

22. Lin P, Rose R, Samanta H, et al. Genotypic and phenotypic
analysis of HIV type 1 isolates from patients on prolonged
stavudine therapy. J Infect Dis 1994;170:1157-64.

23. Soriano V, Dietrich U, Villalba N, et al. Lack of emergence of
genotypic resistance to stavudine after 2 years of monother-
apy. AIDS 1997;11:696-7.

24. Lin PF, González C, Griffith B, et al. Stavudine resistance: An
update on susceptibility following prolonged therapy. Antiviral
Ther 1999;4:21-8.

25. Coakley E, Gillis J, Hammer S, et al. Phenotypic and genotypic
resistance patterns of HIV-1 isolates derived from individuals
treated with didanosine and stavudine. AIDS 2000;14:9-15.

26. De Mendoza C, Soriano V, Briones C, et al. Emergence of
zidovudine resistance in HIV-1 infected patients receiving
stavudine. J AIDS 2000;23:279-81.

27. Pozniak A, Gilleece Y, Nelson M, et al. Zidovudine genotypic
and phenotypic resistance arising in patients never exposed
to zidovudine. Antiviral Ther 2000;5(Suppl 3):42.

28. Calvez V, Mouroux M, Descamps D, et al. Occurrence of
thymidine-associated mutations in naïve patients treated more
than 6 months by stavudine/lamivudine bitherapy combination
and tritherapies including stavudine/didanosine or stavudine:
lamivudine. Antiviral Ther 2000;5(Suppl 3):40-1.

29. Moyle G, Gazzard B. Differing reverse transcriptase mutation
patterns in individuals experiencing viral rebound on first-line
regimens with stavudine/didanosine and stavudine/lamivudine.
AIDS 2001;15:799-800.

30. Pellegrin I, Garrigue I, Caumont A, et al. Persistence of zidovu-
dine-resistant mutations in HIV-1 isolates from patients re-
moved from zidovudine therapy for at least 3 years and switched
to a stavudine-containing regimen. AIDS 2001;15:1071-3.

31. Ross L, Scarsella A, Raffanti S, et al. Thymidine analog and
multinucleoside resistance mutations are associated with de-
creased phenotypic susceptibility to stavudine in HIV type 1
isolated from zidovudine naïve patients experiencing viremia
on stavudine containing regimen. AIDS Res Hum Retrovir
2001;17:1107-15.

32. Katlama C, Valantin M, Matheron S, et al. Efficacy and
tolerability of stavudine plus lamivudine in treatment-naïve
and treatment-experienced patients with HIV-1 infection. Ann
Intern Med 1998;129:525-31.

33. Izopet J, Bicart-See A, Pasquier C, et al. Mutations conferring
resistance to zidovudine diminish the antiviral effect of stavu-
dine plus didanosine. J Med Virol 1999;59:507-11.

34. Montaner J, Mo T, Raboud J, et al. HIV-infected persons with
mutations conferring resistance to zidovudine show reduced
virologic responses to hydroxyurea and stavudine-lamivudine.
J Infect Dis 2000;181:729-32.

35. Shulman N, Machekano R, Shafer R, et al. Genotypic corre-
lates of a virologic response to stavudine after zidovudine
monotherapy. J AIDS 2001;27:377-80.

36. Demeter L , Nawaz T, Morse G, et al. Development of zidovu-
dine resistance mutations in patients receiving prolonged
didanosine monotherapy. J Infect Dis 1995;172:1480-5.

37. Shafer R, Winters M, Jellinger R, Merigan T. Zidovudine
resistance reverse transcriptase mutations during didanosine
monotherapy. J Infect Dis 1996;174:448-9.

38. Winters M, Shafer R, Jellinger R, et al. HIV reverse trans-
criptase genotype and drug susceptibility changes in infected
individuals receiving dideoxyinosine monotherapy for 1 to 2
years. Antimicrob Agents Chemother 1997;41:757-62.

39. Resistance mutations project panel. International AIDS Socie-
ty-USA Resistance Testing Guidelines Panel. Update on Drug
Resistance Mutations in HIV-1. Topics in HIV Medicine
2001;9:91-3.

40. Meyer P, Matsuura S, So A, Scott W. Unblocking of chain
terminated primer by HIV-1 reverse transcriptase through a
nucleotide-dependent mechanism. Proc Natl Acad Sci USA
1998;95:13471-6.

41. Richman D, Havlir D, Corbeil J, et al. Nevirapine resistance
mutations of HIV type 1 selected during therapy. J Virol
1994;68:1660-6.

42. Byrnes V, Sardana V, Schleif W, et al. Comprehensive mutant
enzyme and viral variant assessment of HIV type 1 reverse
transcriptase resistance to non-nucleoside inhibitors. Antimi-
crob Agents Chemother 1993;37:1576-9.

43. Richman D, Shih C, Lowy I, et al. HIV type 1 mutants resistant
to NNRTI arise in tissue culture. Proc Natl Acad Sci USA
1991;88:11241-5.

44. Demeter L, Meehan P, Morse G, et al. HIV-1 drug susceptibil-
ities and reverse transcriptase mutations in patients receiving
combination therapy with didanosine and delavirdine. J Acquir
Immune Defic Syndr Hum Retrovirol 1997;14:136-44.

45. Montaner J, Reiss P, Cooper D, et al. A randomized, double
blind trial comparing combinations of nevirapine, didanosine
and zidovudine for HIV-infected patients: the INCAS Trial.
JAMA 1998;279:930-7.

46. Staszewski S, Morales-Ramírez J, Tashima KT, et al. Efavirenz
plus zidovudine and lamivudine, efavirenz plus indinavir, and
indinavir plus zidovudine and lamivudine in the treatment of
HIV-1 infection in adults. Study 006 Team. N Engl J Med
1999;341:1865-73.

47. Murphy R, Katlama C, Johnson V, et al. The Atlantic Study: A
randomized open-label trial comparing two PI-sparing antire-
troviral strategies versus a standard PI-containing regimen, 48
week data. 39th ICAAC. San Francisco 1999 [abstract LB-22].

48. Albrecht M, Bosch R, Hammer S, et al. Nelfinavir, efavirenz or
both after the failure of nucleoside treatment of HIV infection.
N Engl J Med 2000;345:398-407.

49. Larder B. 3’-Azido-3’-deoxythymidine resistance suppressed
by a mutation conferring HIV type 1 resistance to NNRTI.
Antimicrob Agents Chemother 1992;36:2664-9.

50. Whitcomb J, Deeks S, Huang W, et al. Reduced susceptibility
to NRTI is associated with NNRTI hypersensitivity in virus
from HIV-1 infected patients. 7th CROI. San Francisco 2000
[abstract 234].

51. Haubrich R, Whithcomb J, Keiser P, et al. NNRTI viral hyper-
sensitivity is common and improves short term virological
response. 4th International Workshop on HIV Drug Resistance
and Treatment Strategies. Sitges, Spain, 2000 [abstract 87].

52. Shulman N, Zolopa A, Passaro D, et al. Phenotypic hypersus-
ceptibility to NNRTI in treatment-experienced HIV-infected
patients: impact on virological response to efavirenz based
therapy. AIDS 2001;15:1125-32.

53. Mellors J, Vaida F, Bennett K, et al. Efavirenz hypersuscepti-
bility improves virologic response to multidrug salvage regi-
mens in ACTG 398. 9th CROI. Seattle. February 24-28, 2002
[abstract 45].

54. Frater A, Beardall A, Ariyoshi K, et al. Impact of baseline
polymorphisms in RT and protease on outcome of highly
active antiretroviral therapy in HIV-1-infected African patients.
AIDS 2001;15:1493-502.

55. Descamps D, Collin G, Letourneur F, et al. Susceptibility of
HIV type 1 group O isolates to antiretroviral agents: in vitro
phenotypic and genotypic analyses. J Virol 1997;71:8893-8.

56. Cox S, Aperia K, Albert J, et al. Comparison of the sensiti-
vities of primary isolates of HIV type 2 and HIV type 1 to
antiviral drugs and drug combinations. AIDS Res Hum Retro-
viruses 1994;10:1725-9.

57. Tomasselli A, Hui J, Sawyer T, et al. Specificity and inhibition of
proteases from HIV 1 and 2. J Biol Chem 1990; 265:14675-83.

No part of this publication may be 

reproduced or photocopying 

�without the prior written permission 

�of the publisher

© Permanyer Publications 2010



Véronique Joly, et al.: NNRTI plus PI Combinations

A
I

D
S

R
E

V
I

E
W

S

139

58. Vacca J, Dorsey B, Schleif W, et al. L-735,524: an orally
bioavailable HIV type 1 protease inhibitor. Proc Natl Acad Sci
USA 1994;91:4096-100.

59. Collin G, Descamps D, Apetrei C, et al. Naturally occurring
reduced susceptibility of HIV-2 to protease inhibitors. 2nd

International Workshop on HIV Drug Resistance and Treat-
ment Strategies. Lake Maggiore, Italy, June 1998.

60. Witvrouw M, Pannecouque C, De Clercq E, et al. Susceptibil-
ity of HIV-2 to approved and experimental antiretroviral drugs:
implications for treatment. Antiviral Therapy 2002;7:118.

61. Tantillo C, Ding J, Jacobo-Molina A, et al. Locations of anti-
AIDS drug binding sites and resistance mutations in the three-
dimensional structure of HIV-1 reverse transcriptase. Implica-
tions for mechanisms of drug inhibition and resistance. J Mol
Biol 1994;243:369-87.

62. Gutschina A, Weber IT. Comparative analysis of the sequences
and structures of HIV-1 and HIV-2 proteins proteases. Pro-
teins 1991;10:325-9.

63. Shaharabany M, Hizi A. The catalytic functions of chimeric
reverse transcriptases of HIV type 1 and type 2. J Biol Chem
1992;267:3674-8.

64. Harris M, Durakovic C, Rae S, et al. A pilot study of nevirap-
ine, indinavir and lamivudine among patients with advanced
HIV disease who have had failure of combination nucleoside
therapy. J Infect Dis 1998;177:1514-20.

65. Haas D, Fessel W, Delapenha R, et al. Therapy with efavirenz
plus indinavir in patients with extensive prior NRTI experience:
a randomized, double-blind, placebo-controlled trial. J Infect
Dis 2001;183:392-400.

66. Kuritzkes D, Bassett R, Johnson V, et al. Continued lamivu-
dine versus delavirdine in combination with indinavir and
zidovudine or stavudine in lamivudine-experienced patients:
results of ACTG protocol 370. AIDS 2000;14:1553-8.

67. Kuritzkes D, Ickovics J, Bassett R, Hellmann N, Johnson V, for
the ACTG 370 Protocol team. HIV-1 drug resistance and
medication adherence in patients receiving NRTI. 5th Interna-
tional Workshop on HIV Drug Resistance and Treatment
Strategies. Scottsdale, Arizona 2001 [abstract 84].

68. Katzenstein D, Shulman N, Bosch R, et al. Genetic correlates of
phenotypic hypersusceptibility to efavirenz in highly nucleoside-
experienced subjects in ACTG 364. The 1st IAS Conference on
HIV Pathogenesis and Treatment. Buenos Aires [abstract 594].

69. Piketty C, Race E, Castiel P, et al. Efficacy of a five-drug
combination including ritonavir, saquinavir and efavirenz in
patients who failed on a conventional triple-drug regimen:
phenotypic resistance to protease inhibitors predicts outcome
of therapy. AIDS 1999;13:71-7.

70. Gulick R, Hu X, Fiscus S, et al. Randomized study of
saquinavir with ritonavir or nelfinavir together with delavirdine,
adefovir, or both in HIV-infected adults with virologic failure on
indinavir: AIDS Clinical Trial Group Study 359. J Infect Dis
2000;182:1375-84.

71. Fletcher C, Acosta E, Cheng H, et al. Competing drug-drug
interactions among multidrug antiretroviral regimens used in
the treatment of HIV-infected subjects: ACTG 884. AIDS
2000;14:2495-501.

72. Deeks S, Hellmann N, Grant R, et al. Novel four-drug salvage
treatment regimens after failure of a HIV type 1 protease
inhibitor-containing regimen: antiviral activity and correlation

of baseline phenotypic drug susceptibility with virologic out-
come. J Infect Dis 1999;179:1375-81.

73. Deeks S, Hecht F, Swanson M, et al. Virologic outcomes with
protease inhibitor therapy in an urban AIDS clinic: relationship
between baseline characteristics and response to both initial
and salvage therapy. AIDS 1999;3:35-44.

74. Gulick R, Smeaton L, D’Aquila R, et al. Indinavir, nevirapine,
stavudine and lamivudine for HIV-infected, amprenavir-experi-
enced subjects: AIDS Clinical Trials Group protocol 373. J
Infect Dis 2001;183:715-21.

75. Benson C, Deeks S, Brun S, et al. Safety and antiviral activity
at 48 weeks of lopinavir/ritonavir plus nevirapine and 2 nucle-
oside reverse-transcriptase inhibitors in HIV type 1-infected
protease inhibitor-experienced patients. J Infect Dis 2002;185:
599-607.

76. Negredo E, Bonjoch A, Sirera G, et al. NEKA study: NRTI-
sparing regimen. XIV International AIDS Conference. Barcelo-
na, July 2002 [abstract LbPe B 9021].

77. Danner S, Brun S, Richards B, et al. Kaletra (lopinavir/
ritonavir) and efavirenz 72-week safety and efficacy evaluation
in multiple PI-experienced patients. 41st ICAAC. Chicago 2001
[abstract 1925].

78. Hammer S, Vaida F, Bennett K, et al. Dual vs single protease
inhibitor therapy following antiretroviral treatment failure: a
randomized trial. JAMA 2002;288:169-80.

79. Justesen U, Klitgaard N, Brosen K, Petersen C. Amprenavir is
an effective inducer of delavirdine metabolism: a steady-state
pharmacokinetic interaction study between amprenavir and
delavirdine in healthy volunteers. 9th CROI. Seattle 2002
[abstract 442-W].

80. Moreno A, Casado JL, Marti-Belda P, et al. Concomitant use
of NNRTI does not decrease the inhibitory quotient of dual
ritonavir/indinavir-based therapy. 41st ICAAC. Chicago 2001;
[abstract I-1728].

81. Piliero P, Preston S, Japour A, Stevens R, Morvillo C, Drusano
G. Pharmacokinetics of the combination of ritonavir plus
saquinavir with and without efavirenz in healthy volunteers.
41st ICAAC. Chicago 2001 [abstract A-495].

82. Duval X, Lamotte C, Race E, et al. Amprenavir inhibitory
quotient and virological response in HIV-infected patients on
an amprenavir-containing salvage regimen without or with
ritonavir. Antimicrob Agents Chemother 2002;46:570-4.

83. O’Mara E, Agarwala S, Randall D, Geraldes M, Stolz R,
Mummaneni V. Steady-state pharmacokinetic-interaction study
of atazanavir with efavirenz and ritonavir in healthy subjects.
9th CROI. Seattle 2002 [abstract 444-W].

84. Hoover M, Mayers D, Wentworth D, et al. Non-nucleoside
reverse transcriptase inhibitor phenotypic and genotypic resis-
tance in patients with virological failure during salvage thera-
py: 12-week outcome data from the GART study (CPCRA
046). 5th International Workshop on HIV Drug Resistance and
Treatment Strategies 2001. Scottsdale, Arizona [abstract 105].

85. Casado JL, Hertogs K, Ruiz L, et al. Non-nucleoside reverse
transcriptase inhibitor resistance among patients failing a nevirap-
ine plus protease inhibitor-containing regimen. AIDS 2000;14:1-7.

86. Eshleman S, Krogstad P, Jackson J, et al. Analysis of HIV type
1 drug resistance in children receiving NRTI plus nevirapine,
nelfinavir or ritonavir (Pediatric AIDS Clinical Trials Group
377). J Infect Dis 2001;183:1732-8.

No part of this publication may be 

reproduced or photocopying 

�without the prior written permission 

�of the publisher

© Permanyer Publications 2010


