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ABSTRACT

BACKGROUND

We assessed the strategy of substituting nevirapine, efavirenz, or abacavir for a pro-
tease inhibitor in patients infected with human immunodeficiency virus type 1 (HIV-1)
in whom virologic suppression had been achieved.

METHODS

We randomly assigned 460 adults who were taking two nucleoside reverse-transcriptase
inhibitors and at least one protease inhibitor and whose plasma HIV-1 RNA levels had
been less than 200 copies per milliliter for at least the previous six months to switch
from the protease inhibitor to nevirapine (155 patients), efavirenz (156), or abacavir
(149). The primary end point was death, progression to the acquired immunodeficiency
syndrome, or an increase in HIV-1 RNA levels to 200 copies or more per milliliter.

RESULTS

At 12 months, the Kaplan—Meier estimates of the likelihood of reaching the end point
were 10 percent in the nevirapine group, 6 percent in the efavirenz group, and 13 per-
cent in the abacavir group (P=0.10 according to an intention-to-treat analysis). HIV-1
RNA could be amplified in 21 of the 29 patients in whom virologic failure developed
during treatment with study medication (72 percent), and resistance mutations to the
study medication and to at least one of the nucleoside reverse-transcriptase inhibitors
in the regimen that failed were detected in all but 1 of the 21 patients. Twenty-three of
the 29 patients with virologic failure during treatment with study medication had re-
ceived prior suboptimal therapy with nucleoside reverse-transcriptase inhibitors. Fewer
patients in the abacavir group (6 percent) than in the nevirapine group (17 percent) or
the efavirenz group (17 percent) discontinued the study medication because of adverse
events (P=0.01). The proportion of patients with fasting lipid levels warranting thera-
peutic intervention decreased significantly in the abacavir group, but the prevalence of
clinical lipodystrophy did not change significantly in the three groups.

CONCLUSIONS
When therapy was switched from a protease inhibitor to nevirapine, efavirenz, or abac-
avir in patients with virologic suppression, there was a trend toward a higher rate of vi-
rologic failure among those given abacavir.
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HE USE OF HIGHLY ACTIVE ANTIRETRO-
viral therapy consisting of two nucleoside
reverse-transcriptase inhibitors plus a pro-
tease inhibitor led to a sharp decline in the morbidity
and mortality associated with human immunodefi-
ciency virus type 1 (HIV-1) infection.t:2 Therefore,
highly active antiretroviral therapy that included a
protease inhibitor became the cornerstone of anti-
retroviral therapy.3# However, protease-inhibitor—
based regimens usually involve many pills and food
or drink restrictions, may cause drug interactions,
and have been associated with morphologic chang-
es and metabolic abnormalities that could increase
the risk of cardiovascular disease.5-°
In patients who have not previously received
antiretroviral therapy, triple antiretroviral regimens
containing nevirapine,1%:11 efavirenz,1213 or abac-
avirl# plus two nucleoside reverse-transcriptase in-
hibitors have induced virologic responses that are
similar to those induced by protease-inhibitor-con-
taining regimens. As compared with protease inhib-
itors, these agents offer more convenient dosing
regimens, involve fewer pills, and resultin fewer po-
tentially serious drug interactions. Thus, replacing
the protease inhibitor with nevirapine,15-2¢ efavi-
renz,20-24 or abacavir?s in an effort to prevent some
of the side effects associated with protease-inhibi-
tor therapy and improve the adherence and even-
tually the long-term efficacy of antiretroviral thera-
py has become an increasingly popular strategy.26-28
The relative merits of this approach remain un-
known. We compared the efficacy of nevirapine,
efavirenz, or abacavir as a substitute for a protease
inhibitor in a large group of successfully treated pa-
tients with HIV-1 infection.

METHODS

PATIENTS

This multicenter, randomized, open-label clinical
trial was carried out at 15 centers in Catalonia and
the Balearic Islands in Spain. The protocol was ap-
proved by the ethics committee at each center and by
the Spanish Medicines Evaluation Agency. Eligible
patients were HIV-1-infected adults who were re-
ceiving triple antiretroviral therapy consisting of at
least one protease inhibitor plus two nucleoside re-
verse-transcriptase inhibitors, who had had plasma
HIV-1 RNA levels below 200 copies per milliliter
for at least six months, and who wished to change
the protease-inhibitor component of their regimen
for some reason. Exclusion criteria were pregnancy

or awish to become pregnant during the study peri-
od, prior treatment with any nonnucleoside reverse-
transcriptase inhibitor or abacavir, current treat-
ment with agents known to have potential major
interactions with the study drugs, and major psy-
chiatric disease. Written informed consent was
obtained from all eligible patients before random-
ization.

RANDOMIZATION AND TREATMENT

Patients were randomly assigned in a 1:1:1 ratio to
receive nevirapine, efavirenz, or abacavir in place of
the protease inhibitor used in their current antiret-
roviral regimen while continuing to take their nu-
cleoside reverse-transcriptase inhibitors. Random-
ization was centralized. A random sequence was
generated by a computer with the use of blocks of
variable size that were balanced at each site. Each pa-
tient’s identification number and treatment group
were assigned at the coordinating center after the
center had received the randomization form.

After randomization, patients were assessed at
base line, 1 month, and 3 months and every 3 months
thereafter until they completed at least 12 months
of follow-up. At each visit, clinical data were col-
lected and blood specimens were obtained after an
overnight fast. Analyses included a complete blood
count; CD4 cell count; measurement of plasma
HIV-1 RNA, glucose, triglycerides, and total choles-
terol; and tests of liver, kidney, and pancreatic func-
tion. Plasma levels of high- and low-density lipo-
protein cholesterol were measured in a subgroup
of patients as part of a metabolic and body-com-
position study.29 Routine assays were used at each
site throughout the follow-up period.

Safety was assessed through the reporting of ad-
verse clinical events and abnormal laboratory meas-
urements. The severity of toxic effects was assessed
with use of the AIDS Clinical Trials Group toxicity
grading scale.3° In patients who discontinued the
study medication because of adverse effects, nevira-
pine and efavirenz were replaced by abacavir and
abacavir was replaced by either nevirapine or efavi-
renz at the discretion of the physician. Clinical as-
sessment and physical examination to detect new
body-fat abnormalities or changes in previously rec-
ognized ones were also scheduled at each visit, as
previously described.® The extent of body-fat ab-
normalities was scored by the physician as mod-
erate or severe if they were clinically evident on ex-
amination. For the purpose of analysis, body-fat
abnormalities were categorized as lipoatrophy or
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498 Patients randomized

166 Assigned to nevirapine

170 Assigned to efavirenz

162 Assigned to abacavir

11 Excluded
8 Had entry-criteria violation
3 Never started study medication

14 Excluded
11 Had entry-criteria violation
3 Never started study medication

13 Excluded
9 Had entry-criteria violation
4 Never started study medication

155 Eligible patients
3 Lost to follow-up or withdrew consent
26 Switched owing to adverse effects
2 Switched owing to virologic failure
1 Died
123 Continue to take study medication

156 Eligible patients
6 Lost to follow-up or withdrew consent
27 Switched owing to adverse effects
1 Switched owing to virologic failure
4 Switched owing to pregnancy
2 Died
116 Continue to take study medication

149 Eligible patients
8 Lost to follow-up or withdrew consent
9 Switched owing to adverse effects
7 Switched owing to virologic failure
2 Had progression to AIDS
1 Died
122 Continue to take study medication

Figure 1. Randomization, Eligibility, and Follow-up of the Patients.

Virologic failure developed in six patients in the nevirapine group and two patients in the efavirenz group after they switched to abacavir be-
cause of adverse effects. Virologic failure developed in six additional patients in the nevirapine group, four additional patients in the efavirenz
group, and nine additional patients in the abacavir group, but their treatment was not changed.

1038

lipoaccumulation, as previously described.® No ob-
jective measurements of body composition were
performed.

DEFINITIONS

Virologic failure was defined by two consecutive
measurements of plasma HIV-1 RNA of more than
200 copies per milliliter separated by at least two
weeks. In this case therapy could be maintained or
changed at the discretion of the physician and the
patient could continue in the study at least until he
or she completed the 12-month follow-up period.
In cases of virologic failure, serum samples were
obtained and stored at —80°C until genotypic re-
sistance tests were performed. All samples were
tested with use of the ViroSeq HIV-1 genotyping
system according to the manufacturer’s instructions
(Applied Biosystems). Progression to the acquired
immunodeficiency syndrome (AIDS) was defined
by the occurrence of any new clinical event includ-
ed in category C of the 1993 classification of the
Centers for Disease Control and Prevention.31

N ENGL J MED 349;11
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END POINTS

The primary study end point was death, progres-
sion to AIDS, or an HIV-1 RNA level of at least 200
copies per milliliter. According to the protocol,
events occurring within 1 month after the 12-month
follow-up period were also included in the analysis
of end points. Secondary end points were the CD4
cell count, the incidence of side effects, and the oc-
currence of metabolic and body-fat abnormalities.

STATISTICAL ANALYSIS

Patients were followed for the entire trial regard-
less of whether they prematurely discontinued the
assigned therapy. All randomized patients, except
those who were found to have violated an entry cri-
terion and those who never started to receive the
study medication, were included in the analysis.
The inclusion of patients who had entry-criteria vi-
olations or who never took the study medication
did not significantly affect the overall results. In the
intention-to-treat analysis, treatment was consid-
ered to have failed in all patients who had progres-
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Table 1. Base-Line Characteristics of the Patients.*
Nevirapine Efavirenz Abacavir

Characteristic (N=155) (N=156)  (N=149)
Age —yr

Median 39 38 40

Range 23-73 21-69 24-71
Male sex — no. (%) 119 (77) 117 (75) 113 (76)
Route of HIV infection — no. (%)

Male homosexual sex 43 (28) 46 (29) 37 (25)

Heterosexual sex 42 (27) 49 (31) 45 (30)

Injection-drug use 65 (42) 53 (34) 53 (36)

Other or unknown 5@3) 8 (5) 14 (9)
Acquired immunodeficiency syndrome — no. (%) 55 (35) 52 (33) 56 (38)
CD4 cells per mm3

Median 508 558 544

Interquartile range 332-755 356-751 366-688
Protease inhibitor withdrawn — no. (%)

Indinavir 104 (67) 87 (56) 87 (58)

Nelfinavir 39 (25) 54 (35) 42 (28)

Ritonavir 0 4 (3) 11 (7)

Saquinavir 3(2) 4 (3) 6 (4)

Combinations with low-dose ritonavir 9 (6) 7(4) 3(2)
Nucleoside reverse-transcriptase inhibitor continued — no. (%)

Stavudine + lamivudine 85 (55) 93 (60) 81 (54)

Zidovudine + lamivudine 53 (34) 43 (28) 49 (33)

Stavudine + didanosine 11 (7) 14 (9) 15 (10)

Zidovudine + didanosine 4 (3) 6 (4) 3(2)

Other 2(1) 0 1(1)
Duration of highly active antiretroviral therapy — mo

Median 29 31 30

Range 6-53 6-69 10-64
Prior suboptimal therapy with nucleoside reverse-transcriptase 78 (50) 90 (58) 69 (46)

inhibitors — no. (%)

Fasting metabolic values — no. (%)

Glucose >126 mg/d| (7 mmol/liter) 5(3) 13 (8) 6 (4)

Total cholesterol >240 mg/dI (6.2 mmol/liter) 33 (21) 37 (24) 37 (25)

Triglycerides >400 mg/dl (4.5 mmol/liter) 20 (13) 14 (9) 11 (7)
Moderate or severe lipodystrophy — no. (%)

Lipoaccumulation 31 (20) 28 (18) 31(21)

Lipoatrophy 40 (26) 42 (27) 43 (29)

* There were no significant differences among the groups.

sion to AIDS, died, or had detectable HIV-1 RNA
levels (i.e., levels of at least 200 copies per millili-
ter), but not in patients who discontinued the study
medication as long as HIV-1 RNA levels remained
below 200 copies per milliliter; data on patients
who withdrew consent or who were lost to follow-
up were censored. In the analysis of patients ac-
cording to the treatment received, treatment fail-
ure was defined by progression to AIDS, death, or
detectable viral levels during treatment; data on pa-
tients who withdrew consent, were lost to follow-
up, or switched or stopped study medication were

censored. Switches in nucleoside reverse-transcrip-
tase inhibitors were not considered to indicate treat-
ment failure as long as HIV-1 RNA levels remained
below 200 copies per milliliter.

The sample size was calculated on the basis of
virologic end points, because very few clinical events
and deaths were expected in this population. The
sample size was computed to detect equivalence
among the treatment groups in the proportion of
patients with plasma viral RNA levels below 200
copies per milliliter at the end of the study. For this
purpose, we assumed that the proportion of pa-
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Table 2. Outcome of Therapy.

at 12 moy

Nevirapine Efavirenz  Abacavir
Outcome (N=155)  (N=156) (N=149)
no. of patients
Death 1 2 1
Progression to AIDS* 0 2
Virologic failure 14 7 16
While taking study medication 8 5 16
After switching study medication 6 2 0
Lost to follow-up 3 6 8
Switched study medication without 20 29 9
virologic failure

Response; still taking study medication 117 112 113

%

* AIDS denotes acquired immunodeficiency syndrome.
r Six additional patients in the nevirapine group, four in the efavirenz group,

and nine in the abacavir group continued to take study medication at 12
months despite the development of virologic failure.

1040

tients with virologic suppression during treatment
would remain similar to the proportion with sup-
pression of HIV-1 while protease-inhibitor-based
antiretroviral therapy was continued.32:33 Equiva-
lence was considered to be proved if the upper limit
of the 95 percent confidence interval of the differ-
ence among the proportions of patients with fewer
than 200 copies of HIV-1 RNA per milliliter in each
group was 13.5 percent or less (that is, 15 percent
of the expected rate of success of protease-inhibi-
tor regimens of 90 percent).3435 A total of 148 pa-
tients per group was required for the equivalence
assessment with a two-sided alpha level of 0.05
and a statistical power of 90 percent.

Statistical analysis was performed with the use
of Stata software (release 7.0). Chi-square or Fish-
er’s exact tests were used to compare the propor-
tions of patients who dropped out and demographic
characteristics among the treatment groups. Differ-
ences in continuous variables among the groups
were analyzed with use of the Kruskal-Wallis test,
and Wilcoxon’s signed-rank test was used for com-
parisons with base-line values. The time to viro-
logic failure was estimated with use of the Kaplan—
Meier product-limit method. The equality of the
distributions of the times to an event among the
groups was estimated with use of the generalized
log-rank test. Cox proportional-hazards models
were used to describe the univariate factors associ-
ated with reaching a study end point. Simple com-
parisons were made with use of a two-sided alpha

N ENGL J MED 349;11
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level of 0.05; each of the three pairwise compari-
sons used a two-sided significance level 0f 0.0167.

RESULTS

POPULATION

Between December 1999 and February 2001, 498
patients underwent randomization and 460 were
found eligible for the study (Fig. 1). The base-line
characteristics of the patients were not significantly
different among the groups (Table 1). The median
CD4 cell count was 544 per cubic millimeter (in-
terquartile range, 366 to 688). Thirty-five percent of
the patients had previously had category C events.
Approximately half the patients in each group had
received antiretroviral therapy that included one
or two nucleoside reverse-transcriptase inhibitors
before they received protease-inhibitor—containing
therapy. Three patients in the nevirapine group, six
in the efavirenz group, and eight in the abacavir
group were lost to follow-up or withdrew consent
(P=0.27 by the chi-square test) (Fig. 1).

OUTCOMES
The outcomes of therapy are shown in Table 2. At
12 months, the Kaplan—Meier estimates of the per-
centage of patients who had reached a protocol-
defined end pointwere 10 percent in the nevirapine
group, 6 percent in the efavirenz group, and 13 per-
cent in the abacavir group according to an inten-
tion-to-treat analysis (P=0.10 by a generalized log-
rank test), and 7 percent, 5 percent, and 14 percent,
respectively, in an analysis conducted according to
the treatment received (P=0.03 by a generalized
log-rank test) (Fig. 2). In an exploratory subanaly-
sis, we found that patients who had received prior
suboptimal antiretroviral therapies (single or dou-
ble therapies with nucleoside reverse-transcrip-
tase inhibitors) were overrepresented among the
patients who had virologic failure while they were
taking the study medication: 5 of 8 such patients
in the nevirapine group (62 percent), 4 of 5 in the
efavirenz group (80 percent), and 14 of 16 in the
abacavir group (88 percent) (global P=0.002 by
the log-rank test; hazard ratio, 3.76 for patients with
prior single or double therapy with nucleoside re-
verse-transcriptase inhibitors; 95 percent confi-
dence interval, 1.53 t0 9.23; P=0.004).

There were no significant differences among
the groups in the median CD4 cell counts (P>0.40
at each time point by the Kruskal-Wallis test) (see
Supplementary Appendix 1, available with the full
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text of this article at http://[www.nejm.org). At 12
months, the median increases from base line were
50, 49, and 39 CD4 cells per cubic millimeter in the
nevirapine, efavirenz, and abacavir groups, respec-
tively (P=0.48 by the Kruskal-Wallis test).

During the study, two patients (both assigned to
receive abacavir) had progression to AIDS (as de-
fined by the occurrence of histoplasmosis in one
and tuberculosis in the other) and four patients died
(one each in the nevirapine and abacavir groups
and two in the efavirenz group). Causes of death
were a traffic accident (in the nevirapine group),
sudden death and end-stage liver disease (in the
efavirenz group), and colonic neoplasia (in the aba-
cavir group).

HIV-1 RNA could be amplified in 21 of the 29
patients in whom virologic failure developed dur-
ing treatment with study medication (72 percent):
5 of 8 in the nevirapine group, 2 of 5 in the efavirenz
group, and 14 of 16 in the abacavir group. In the
remaining eight patients, the viral load was less

Figure 2. Kaplan—Meier Estimates of the Likelihood of
Reaching the End Point of Death, Progression to the Ac-
quired Immunodeficiency Syndrome, or an RNA Level
above 200 Copies per Milliliter, According to an Inten-
tion-to-Treat Analysis (Panel A) and an Analysis Accord-
ing to the Treatment Received (Panel B).

In Panel A, the intention-to-treat analysis revealed the
following: a global P=0.10 by the log-rank test; P=0.10
for the comparison of abacavir with efavirenz, P=0.68 for
the comparison of abacavir with nevirapine, and P=0.55
for the comparison of efavirenz with nevirapine (for each
pairwise comparison, a two-sided P value of 0.0167 was
considered to indicate statistical significance). Cox pro-
portional-hazards regression analysis showed a hazard
ratio of 1.00 for abacavir (the reference group), a hazard
ratio of 0.43 for the comparison of efavirenz with abaca-
vir (95 percent confidence interval, 0.20 to 0.96), and a
hazard ratio of 0.71 for the comparison of nevirapine
with abacavir (95 percent confidence interval, 0.36 to
1.40) (overall P=0.11). In Panel B, the analysis according
to the treatment received revealed the following: a global
P=0.03 by the log-rank test; P=0.06 for the comparison
of abacavir with efavirenz, P=0.15 for the comparison of
abacavir with nevirapine, and P=0.97 for the comparison
of efavirenz with nevirapine (for each pairwise compari-
son, a two-sided P value of 0.0167 was considered to in-
dicate statistical significance). Cox proportional-hazards
regression analysis showed a hazard ratio of 1.00 for abac-
avir (the reference group), a hazard ratio of 0.38 for the
comparison of efavirenz with abacavir (95 percent confi-
dence interval, 0.16 to 0.90), and a hazard ratio of 0.46
for the comparison of nevirapine with abacavir (95 per-
cent confidence interval, 0.21 to 1.03) (overall P=0.04).

than 1000 RNA copies per milliliter and HIV-1
RNA could not be amplified. All 5 patients in the
nevirapine group, both patients in the efavirenz
group, and all 14 patients in the abacavir group with
amplifiable HIV-1 RNA had mutations associated
with resistance to the study drugs (K103N, V1064,
and Y181C alone or in combination in the nevira-
pine and efavirenz groups and M41L, K65R, D67N,
TG6I9N, K70R, L74V, M184V, L210W, T215Y, and
K219Q alone or in combination in the abacavir
group). Moreover, all 5 patients in the nevirapine
group, all 2 in the efavirenz group, and all 14 in the
abacavir group had resistance mutations to at least
one of the nucleoside reverse-transcriptase inhib-
itors included in the regimen that failed (M41L,
KG65R, D67N, T69N, K70R, M184V, L210W, T215Y,
and K219Q).
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TOLERABILITY

The overall incidence of adverse events was sig-
nificantly lower (61 patients, or 41 percent) in the
abacavir group than in the nevirapine group (83
patients, or 54 percent) or the efavirenz group (89
patients, or 57 percent) (P=0.03 by the chi-square
test) (Table 3). The incidence of adverse effects
was not influenced by the use of specific combi-
nations of nucleoside reverse-transcriptase inhib-
itors. Significantly fewer patients in the abacavir
group (9 patients, or 6 percent) than in the nevi-
rapine group (26 patients, or 17 percent) or the
efavirenz group (27 patients, or 17 percent) (P=0.01
by the chi-square test) (Table 3) discontinued the
study medication because of adverse events.

The median fasting plasma triglyceride values
at each time point were not significantly different
among the groups (Fig. 3A). However, the propor-
tion of patients with plasma triglyceride levels
above 400 mg per deciliter (4.5 mmol per liter) was
significantly smaller at 12 months in the abacavir
group (4 patients, or 4 percent) than in the nevira-
pine group (13 patients, or 12 percent) or the efavi-
renz group (13 patients, or 13 percent) (P=0.05 by
Fisher’s exact test) (see Supplementary Appendix 2,
available with the full text of this article at http://
WWW.NEjm.org).

The median fasting plasma cholesterol values

were significantly lower in the abacavir group than
in the other two groups at all follow-up visits
(P<0.001 by the Kruskal-Wallis test) (Fig. 3B). The
proportion of patients with plasma cholesterol lev-
els above 240 mg per deciliter (6.2 mmol per liter)
was also significantly lower in the abacavir group
than in the other two groups (P<0.001 at 3 months,
P=0.09 at 6 months, P=0.005 at 9 months, and
P<0.001 at 12 months by Fisher’s exact test) (see
Supplementary Appendix 2). The median fasting
plasma glucose levels were significantly higher in
the efavirenz group than in the nevirapine or abac-
avir group at all follow-up visits (P<0.01 by the
Kruskal-Wallis test). The proportion of patients
with plasma glucose levels above 126 mg per deci-
liter (7 mmol per liter) at the end of the study was
3 percent in the nevirapine group and 9 percent in
each of the other two groups (P=0.09 by Fisher’s
exact test).

Overall, the proportion of patients with mod-
erate or severe lipoaccumulation changed from 20
percent at base line to 16 percent at 12 months
(P>0.50 by the chi-square test) (see Supplementary
Appendix 3, available with the full text of this arti-
cle at http://[www.nejm.org). In contrast, the pro-
portion of patients with moderate or severe lipoat-
rophy changed from 27 percent at base line to 33
percent at 12 months (P>0.50 by the chi-square

Table 3. Number of Patients Who Had One or More Adverse Events.*
Nevirapine Efavirenz Abacavir
Adverse Event (N=155) (N=156) (N=149)
Grade 3 Grade 3 Grade 3
Any or4  Adverse Event Any or4  Adverse Event Any or4  Adverse Event
Adverse Adverse  Leadingto Adverse Adverse  Leading to Adverse Adverse  Leadingto
Event  Event Discontinuation  Event  Event Discontinuation Event  Event Discontinuation
number of patients (percent)
Clinical
Neuropsychiatric 11 6 6 48 22 19 14 1 0
Cutaneous 20 13 12 11 3 3 7 0 0
Gastrointestinal 6 2 0 8 4 4 12 2 1
SystemicT 7 1 1 5 2 0 10 8 8
Other 25 8 1 11 5 1 12 3 0
Laboratory
Increased aminotrans- 12 6 4 4 1 0 5 1 0
ferase levels
Hyperglycemia 2 2 2 2 2 0 1 1 0
Total 83 (54)F 38 26 (17)§ 89 (57)% 39 27 (17)§ 61 (41)5 16 9 (6)§

* A grade 3 event was defined as severe, and a grade 4 event as life-threatening.
T Systemic adverse events included hypersensitivity reactions.

1 P=0.03 by the chi-square test.

§ P=0.01 by the chi-square test.
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test) (see Supplementary Appendix 3). There were
no significant differences among the groups in the
proportions of patients with moderate or severe lipo-
accumulation or lipoatrophy during the study.

DISCUSSION

There was a trend toward a higher failure rate when
abacavir rather than nevirapine or efavirenz replaced
the protease-inhibitor component of a regimen
that included two nucleoside reverse-transcriptase
inhibitors and had resulted in sustained virologic
suppression. In the intention-to-treat analysis, dis-
continuation of study medication was not counted
as a treatment failure as long as HIV-1 RNA levels
remained below 200 copies per milliliter. The im-
plications of virologic failure, with its potential for
the emergence of persistent resistance, differ sub-
stantially from those of treatment failure, because
the side effects of drugs are usually reversible and
an alternative drug can be substituted while the vi-
ral load remains undetectable.

The response rates did not differ significantly
between the nevirapine and efavirenz groups. Con-
sequently, our data do not confirm previous cohort
studies showing virologic superiority of efavirenz
over nevirapine,3%:37 at least among patients with a
response. Moreover, the noninferiority of nevira-
pine as compared with efavirenz has been demon-
strated in a recent randomized trial in patients who
had not previously received antiretroviral therapy.38
In our study, virologic failures occurred almost ex-
clusively among patients with prior suboptimal ther-
apy with nucleoside reverse-transcriptase inhibitors.
When genotypic analysis of resistance could be per-
formed, resistance mutations to the study drugs and
to nucleoside reverse-transcriptase inhibitors could
be detected in almostall such patients. Cross-resist-
ance between abacavir and other nucleoside reverse-
transcriptase inhibitors may explain in part the high-
er rate of virologic failure in the abacavir group and
among the patients assigned to nevirapine or efa-
virenz who switched to abacavir because of adverse
effects. A similar trend toward a higher rate of viro-
logic failure has already been described among pa-
tients who switched from protease inhibitors to
abacavir, as compared with patients who contin-
ued to receive protease inhibitors as part of highly
active antiretroviral therapy.3° A history of subopti-
mal antiretroviral therapy has also been associated
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Figure 3. Median Fasting Plasma Triglyceride Levels (Panel A) and Total
Cholesterol Levels (Panel B).

There were no significant differences in plasma triglyceride levels among the
groups at any point (P>0.05 by the Kruskal-Wallis test) (Panel A). Total cho-
lesterol levels were significantly lower in the abacavir group than in the other
two groups at each time point (P<0.001 by the Kruskal-Wallis test) (Panel B).
Bars represent interquartile ranges. To convert values for triglycerides to mil-
limoles per liter, multiply by 0.01129. To convert values for cholesterol to mil-
limoles per liter, multiply by 0.02586. The numbers below the graphs are the
numbers of patients for whom data were available.
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with a higher risk of virologic failure among pa-
tients who switch from protease inhibitors to non-
nucleoside reverse-transcriptase inhibitors.40:41
Altogether, these data suggest that preexisting re-
sistance mutations may facilitate the emergence of
virus that is resistant to the replacement drug. Thus,
changing from a protease-inhibitor—containing reg-
imen to a simpler regimen will have the highest like-
lihood of maintaining viral suppression when used
in patients with no history of suboptimal therapy or
virologic failure, particularly when the replacement
drug is abacavir.

Simplifying antiretroviral therapy in patients in
stable condition by switching from a protease in-
hibitor to nevirapine, efavirenz, or abacavir carries
arisk of adverse effects that are due to the replace-
ment drugs. Approximately half our patients had
adverse effects related to the study drugs, although
such effects led to the discontinuation of the drug
in only a minority of them. The rate of discontinua-
tion due to adverse effects was similar in the nevira-
pine and efavirenz groups and was significantly
higher than the rate in the abacavir group. The types
of adverse effects in each group were among those
commonly expected.

In contrast to previous smaller studies5-25 in
which patients switched drugs predominantly to
reverse metabolic or body-fat abnormalities, the
primary reason for the switch in our study was to
simplify the regimen. Because only a moderate pro-
portion of patients had metabolic or body-fat ab-
normalities at base line, any conclusions about the
effect of each study drug on these abnormalities
should be drawn with caution. In addition, measure-
ments of high- and low-density lipoprotein choles-
terol levels were made only in the patients in the
metabolic and body-composition substudy.2® Al-
though the patients in the substudy were not exact-
ly representative of the whole population, a signifi-
cantly lower proportion of patients with plasma
cholesterol and triglyceride levels warranting thera-
peutic intervention was found in the abacavir group
than in the nevirapine or efavirenz group. The pro-
portion of patients with moderate or severe lipoac-

cumulation tended to decrease during the 12-month
study, whereas that of patients with moderate or
severe lipoatrophy tended to increase in all three
groups, although there were no significant differ-
ences among the groups at any time. Although clin-
ically evident lipoatrophy and lipoaccumulation de-
creased in some patients during the study, new cases
also appeared in each group. These data are in ac-
cordance with similar, smaller studies that included
objective measurements of body composition.19,2°
Therefore, our data do not support switching from
a protease inhibitor to nevirapine, efavirenz, or abac-
avir as a useful strategy to ameliorate body-fat ab-
normalities.

In summary, simplification of the highly active
antiretroviral therapy regimen in patients with a sus-
tained virologic response had a higher probability
of maintaining viral suppression if nevirapine or
efavirenz was substituted for a protease inhibitor
than if abacavir was substituted, particularly in pa-
tients with a prior suboptimal response to therapy
with nucleoside reverse-transcriptase inhibitors.
However, the rates of viral suppression among
patients who had not had prior suboptimal thera-
py with nucleoside reverse-transcriptase inhibitors
were similar for the three drugs. Approximately 50
percent of the patients in each group had adverse
effects related to the study drug. Abacavir had a low-
er incidence of adverse effects that led to the dis-
continuation of the study drug and caused a greater
decrease in plasma lipid levels than did nevirapine
or efavirenz.
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