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Conventional highly active antiretroviral therapy (HAART) regimens used to treat human immun-
odeficiency virus (HIV) infection typically use nucleoside reverse transcriptase inhibitors (NRTIs)
and either a protease inhibitor (PI) or a non-nucleoside reverse transcriptase inhibitor (NNRTI).
Because P1-based regimens are associated with significant long-term toxicity and adherence diffi-
culty, there is a need for novel regimens that maximize combination treatment options. This 12-
month, observational, cohort study evaluated the efficacy, safety, and tolerability of a novel three-
drug HAART regimen. Drug treatment consisted of nevirapine (NVP), efavirenz (EFV), and
didanosine (ddl). Twenty-six treatment-naive and -experienced HIV-1+ men and women were
included in the study. Assessment consisted of CD4+ cell count, plasma HIV-1 RNA load, and
adverse effects of study medications. After one year of therapy, 11/12 treatment-naive subjects
(92%) and 8/9 treatment-experienced subjects (89%) had viral loads <400 copies/mL. Both groups
also had an excellent immune response. At one year, there was a mean increase of 438 CD4+
cells/mm3 among treatment-naive subjects and 367 cells/mm3 among treatment-experienced sub-
jects. Treatment-limiting adverse effects occurred in 3/15 treatment-naive (20%) and 2/11 treat-
ment-experienced (18%) subjects. These preliminary data suggest that the combination of NVP,
EFV, and ddl is simple, safe, and effective. (J Nati MedAssoc. 2003;95:1152-1157.)
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The rapid improvement over the last five years
in the prognosis and outcome of patients with HIV
disease is largely a result of the development of
potent antiretroviral agents and the recognition that
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combination therapy is better than less-aggressive
treatment regimens at inhibiting viral replication,
preventing the development of drug-resistant iso-
lates, and allowing immune reconstitution. The use
of highly active antiretroviral therapy (HAART)-
the combination of a protease inhibitor (PI) or non-
nucleoside reverse transcriptase inhibitor (NNRTI)
plus two nucleoside reverse transcriptase inhibitors
(NRTIs)-has significantly reduced viral load and
improved clinical outcome'-4. Despite these
advances, HIV disease/acquired immunodeficien-
cy syndrome (AIDS) remains an incurable disease,
requiring >95% adherence to complex dosing reg-
imens5, often with high pill burdens. In addition,
three-drug strategies that employ a PI and/or mul-
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Table 1. Baseline Characteristics

Treatment- Naive Treatment-Experienced
(n=15) (n=11)

Geometric mean viral load (HIV-1 RNA copies/mL) 38,603 (4.59 logio) 2,025 (3.31 logio)
Median viral load (range) (HIV-1 RNA copies/mL) 33,000 (576-180,000) <400 (<400-18,000)
Mean CD4+ cell count (cells/mm3) 351 368
Median CD4+ cell count (range) (cells/mm3) 312 (110-800) 310 (1-800)

tiple NRTIs are associated with long-term toxicityl-
9, including hyperlipidemia67, insulin resistance67,
lipodystrophy6-8, and mitochondrial dysfunction 8,9.

NNRTIs have been investigated as alternatives
to PIs in HAART. In HIV-1-infected adults, the
combination of an NNRTI plus two NRTIs has
been shown to have equivalent antiviral activity
and to be better tolerated than the combination of a
PI plus two NRTIs4"0"'. Since NRTIs have been
associated with mitochondrial toxicity8 and lipoat-
rophy9, a need for NRTI-sparing, as well as Pl-
sparing regimens exists.

The challenge, then, was to determine a more
tolerable, yet effective, three-drug combination.
One alternative treatment strategy would be to
combine two NNRTIs in a three-drug regimen.
EFV and the nucleoside analogue didanosine (ddl)
are both indicated for once-daily dosing.
Pharmacokinetic studies ofNVP have demonstrat-
ed that it has a plasma half-life of 25-30 hours,
suggesting that once-daily dosing is feasible. The
NNRTIs nevirapine (NVP) and efavirenz (EFV)
have been shown to be safe and effective in the
treatment of HIV-1 infection in once-daily regi-
mens'2-'4. The combination of NVP, EFV, and an
NRTI (such as ddl) would represent a simple treat-
ment regimen, with a longer dosing interval and
fewer pills than conventional three-drug HAART.

The pharmacokinetics of NVP and EFV in
combination have recently been described, demon-
strating that any drug-drug interactions are rela-
tively minor and of only marginal clinical signifi-
cance'5. We report the results of the first study
evaluating the efficacy and safety of a three-drug
HAART regimen that employed two NNRTIs
(NVP and EFV) for the treatment of patients with
HIV-1 infection. This strategy represents a simple,
seven-tablet/capsule-per-day, once-a-day dosing
schedule and is both PI-sparing and NRTI-limiting,
thereby potentially increasing future treatment
options. Furthermore, because NNRTIs have yet to

be associated with long-term metabolic toxicity,
this approach may also reduce the incidence of
metabolic side effects.

METHODS

Patients
This was a 12-month retrospective observation-

al study of patients with HIV-1 infection. Both
treatment-naive and treatment-experienced patients
were evaluated. Treatment-naive patients who
requested a simple, once-daily initial regimen and
who in fact agreed to initiate therapy only if there
were a once-a-day regimen, and patients already on
therapy who requested a switch to a simpler, more
tolerable regimen, are included in this study.

There were no restrictions as to age, sex, race,
HIV risk category, prior therapy, baseline viral
load, or baseline CD4+ cell count. Enrolled sub-
jects received NVP (400 mg qd) plus EFV (600 mg
qd) plus ddl (400 mg qd). EFV was given at the
usual recommended dose, and no adjustment was
made for the potential interaction between NVP
and EFV NVP was initiated at 200 mg qd for the
first 14 days and then increased to the full dose of
400 mg after day 14. Two hours later, ddl was giv-
en. All clients took their NNRTIs two hours before
bedtime, followed with ddl at bedtime. This was
the standard recommendation, and all clients fol-
lowed this instruction.

Clinical and Laboratory Assessments
Subjects were assessed at baseline and on weeks

four, 12, 24, 36, and 48. At each visit, subjects were
interviewed and evaluated by a physician for poten-
tial adverse effects of study medications.
Laboratory assessment of CD4+ cell count and
plasma HIV-1 RNA load was also conducted. Liver
function (ALT and AST) was monitored at baseline
and every three months thereafter. HIV- 1 RNA
viral load was determined using the Roche
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Amplicor HIV-Monitor assay
(Roche Diagnostics Systems,
Branchburg, NJ).

Statistical Analysis
The primary endpoints of the

study were the effect of study treat-
ments on HIV- 1 RNA load and
CD4+ cell count over time. Primary
efficacy analyses were based on
change from baseline in these
parameters. The plasma HIV- 1 load
was log-transformed. Final report-
ed measurements were derived
from the results obtained at week
48. Safety analyses were completed
on an intent-to-treat basis; all
patients who had observations after
initiation of study treatment were
included in the analyses.

RESULTS

Patient Characteristics
A total of 26 subjects (24 male and two female)

were enrolled in the study: 15 were treatment-naive,
and 11 were treatment-experienced. One female
patient underwent elective hysterectomy to avoid
pregnancy while receiving EFV Treatment-experi-
enced subjects had a mean prior use of 1.6 PIs, the
majority switching because of a desire for a sim-
pler, more tolerable regimen. The baseline charac-
teristics of enrolled subjects are listed in Table 1.
The mean baseline viral load among treatment-
naive subjects was 4.59 log10 (38,603) copies/mL,
whereas the mean baseline viral load among treat-
ment-experienced subjects was 3.31 log,0 (2,025)
copies/mL. The mean baseline CD4+ cell count
among treatment-naYve subjects was 351
cells/mm3, and that for treatment-experienced sub-
jects was 368 cells/mm3.

Response
Patients in this study were followed for 12

months. After one year of therapy, 11 of 12 treat-
ment-naive subjects (92%) and eight of nine treat-
ment-experienced subjects (89%) had viral loads
of <400 copies/mL (Figures 1 and 2, respectively).
Both groups also had an excellent immune
response. At one year, there was a mean increase of
438 CD4+ cells/mm3 among treatment-naive sub-
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Figure 1. Virologic response in treatment-naive subjects during
one year of therapy with nevirapine (400 mg qd) plus efavirenz
(600 mg qd) plus ddl (400 mg qd).
*Ultrasensitive data not routinely collected (not available at 1 2 months).

jects, and 367 cells/mm3 among treatment-experi-
enced subjects (Figure 3). There were no treatment
failures. Two subjects (one treatment-naive and one
treatment-experienced) who experienced a viral
breakthrough did so because of a planned drug hol-
iday while on vacation, rather than therapy failure.

Ultrasensitive (25 copies/mL limit of detection)
viral load determinations were made at three, six,
and nine months. At nine months, 100% of treat-
ment-naive and 100% of treatment-experienced
subjects had viral loads of <25 copies/mL.

Toxicity
Adverse effects deemed by the study investiga-

tors to be NNRTI-related were intractable insomnia
(two cases), rash (two cases), and CNS toxicity
(one case). These side effects were the reasons for
treatment discontinuation in three of 15 treatment-
naive (20%) and two of 11 treatment-experienced
(18%) subjects. No increase above the expected
incidence of NNRTI-related adverse effects was
observed. Among subjects who remained on study
medications throughout the course of the trial,
treatment was generally well tolerated.

DISCUSSION
Patients with HIV/AIDS continue to represent a

difficult and complex group to manage optimally.
Aggressive, multidrug HAART is often difficult to
adhere to and tolerate. PI-based HAART is associ-
ated with various metabolic abnormalities, includ-
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Figure 2. Virologic response in treatment-experienced subjects
during one year of therapy with nevirapine (400 mg qd) plus
efavirenz (600 mg qd) plus ddl (400 mg qd).
*Ultrasensitive data not routinely collected (not available at 12 months).

ing hyperlipidemia6'7, insulin resistance6'7, and oth-
er forms of lipodystrophy6-8. In addition, use of
multiple NRTIs may induce mitochondrial dys-
function8. In some reports, switching to PI-sparing
HAART may have actually reversed these metabol-
ic abnormalities'6 7. Martinez et al.'6 demonstrated
statistically significant improvements in serum
triglycerides and fasting serum insulin-resistance
index following substitution of PI by NVP. Similar
results were reported in a composite retrospective
analysis of all relevant studies published or pre-
sented between 1998 and February 2000'. NNRTIs
have not been implicated in the development of
lipodystrophy'8. Use of NNRTI-based HAART has
proven to be a simple, safe, and effective alterna-
tive to PIs4"'0 ".

The results presented here indicate that a once-
daily dual NNRTI-based regimen of NVP+EFV+
ddl provided HIV suppression in 92% of treat-
ment-naive patients and 89% of treatment-experi-
enced patients. A potential advantage of relatively
simple, once-daily HAART regimens would be
increased adherence, especially among HIV-infect-
ed intravenous drug users (IVDUs), a population
that is generally considered to be poorly adherent.
The efficacy and safety of various multidrug regi-
mens and the effect of once-daily dosing on adher-
ence have been evaluated in this population'920.
Proen9a et al.'9 performed a retrospective analysis
of the results of a study that evaluated the safety

and efficacy of once-daily NVP
plus ddl plus lamivudine. Sixty-six
percent of treatment-naive patients
in this IVDU population had viral
loads <50 copies/mL at their latest
follow-up. A separate prospective
analysis of the IVDU cohort of the
Frankfurt HIV study, which
employed the same HAART regi-
men, yielded similar results20. A
good virologic response was also
seen with an all once-a-day regi-
men of emtricitabine plus ddl plus
EFV'4. The results of these trials
support the presumption that sim-
ple, once-daily regimens would be
well suited for directly observed
therapy (DOT), which may be nec-
essary in the IVDU population and
other difficult-to-reach groups in
order to ensure adherence. In the

general HIV-infected population, DOT has been
demonstrated clearly to improve clinical out-

21comes
The most common toxicities seen in this trial

were CNS and rash. CNS symptoms, including
dizziness, insomnia, vivid dreams, impaired con-
centration, and depression, are side effects com-
monly associated with EFV Rash is associated
with all of the NNRTIs, although it is more fre-
quent in patients receiving NVP. The incidence of
CNS side effects and rash seen in this study was
similar to that expected for EFV and NVP when
given alone. Therefore, despite the small study
size, it is encouraging that the incidence of these
side effects was not increased when these two
drugs from the NNRTI class were given simultane-
ously. It is also noteworthy that no hepatotoxicity
was observed in this study, although both EFV and
NVP are potentially hepatotoxic agents.

The use of NVP in combination with EFV and
ddI could also be considered to be NRTI-sparing,
because only one NRTI was used instead of two.
This combination, therefore, might reduce the
potential for both PI- and NRTI-associated meta-
bolic effects.

The use ofNNRTIs has led to the emergence of
drug-resistant HIV-1 variants, the most common
being the mutations at positions K103N and
Y 181 C2223. This potential for cross-resistance may
limit the possibility of sequencing the various
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NNRTIs in successive treatment
regimens. The K103N mutation can
occur after exposure to both NVP
and EFV, resulting in high-level
resistance to all currently available
NNRTIs22-24. Although MacArthur
et al.24 suggested that it might be
possible to select for the Y181C
mutation by using NVP in combi-
nation with zidovudine-thereby
potentially allowing subsequent use
of EFV-it is unlikely that effec-
tive sequencing of NNRTIs will be
possible clinically.

It was not possible to determine
from this study whether the antivi-
ral action ofNVP and EFV in com-
bination was additive or synergistic,
or even if multiple resistant muta-
tions. rather than a single-Doint
mutation, are required for resistance. Nevertheless,
these results indicate that the advantages of a sim-
ple, tolerable, once-daily, dual NNRTI-containing
HAART regimen outweigh the potential for the
development of a single-point mutation. Because
no virologic failures were observed in this study,
we have been unable to evaluate resistance patterns
to dual NNRTI-based regimens. Further follow-up
of these patients, with genotypic analysis of any
virologic failures, is planned.

It is generally accepted that little benefit can be
derived from using an NNRTI following virologic
failure with an initial NNRTI. The new combina-
tion of two NNRTIs plus an NRTI allows maxi-
mum strategic benefit to be obtained from the com-
bination of NVP and EFV, either as first- or
possibly second-line therapy. A recent study by
Olivieri demonstrated the efficacy and safety of a
dual NNRTI-based regimen that included NVP
plus EFV in heavily pretreated patients and also
suggested that this approach could have a role in
PI-experienced patients25. These results are consis-
tent with those of earlier studies that have exam-
ined the efficacy and safety ofNNRTIs as a substi-
tute for PIs in HAART4 '0 l'. This pilot study
demonstrated that a simple, once-a-day combina-
tion of two NNRTIs (NVP plus EFV) plus ddl pro-
vided effective virologic suppression and substan-
tial increase in CD4+ cell count in a majority of
patients, with no increase in NNRTI-associated
side effects.

5000

. -400=

E%mE 300

a_ -_

Ca 200-

100

0
0 ~~~36 9 12

Months of Treatment
-i-Treatment-naive (N = 15) -UTreatment-experienced (N = 11)

Figure 3. Mean CD4+ cell count response in treatment-naTve
and -experienced subjects during one year of therapy with
nevirapine (400 mg qd) plus efavirenz (600 mg qd) plus ddl
(400 mg qd).

As initial HAART, this regimen might provide
the best chance for adherence and long-term tolera-
bility, while sparing PIs and at least one NRTI for
second- or third-line options. For patients who have
experienced PI failure or toxicity, the strategy of
NVP plus EFV plus ddl affords a simple and effec-
tive alternative. Further data from large-scale clini-
cal trials are required to fully evaluate the efficacy
and safety ofdual NNRTI-based regimens in various
treatment scenarios. It is important to remember that
this was observational and the participants were
patients who elected themselves to take a once-a-day
regimen. Therefore their motivation was very high.
This was not a funded study; there was no support
from any of the manufacturers of the three drug or
any other pharmaceutical company.
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