
 

Volume 341 Number 25

 

·

 

1865

 

The New England

 

Journal 

 

of

 

 Medicine

 

© Copyr ight,  1999, by the Massachusett s  Medical  Society

 

VOLUME 341

 

D

 

ECEMBER

 

 16, 1999

 

NUMBER 25

 

EFAVIRENZ PLUS ZIDOVUDINE AND LAMIVUDINE, EFAVIRENZ PLUS 
INDINAVIR, AND INDINAVIR PLUS ZIDOVUDINE AND LAMIVUDINE 

IN THE TREATMENT OF HIV-1 INFECTION IN ADULTS

 

S

 

CHLOMO

 

 S

 

TASZEWSKI

 

, M.D., J

 

AVIER

 

 M

 

ORALES

 

-R

 

AMIREZ

 

, M.D., K

 

AREN

 

 T. T

 

ASHIMA

 

, M.D., A

 

NITA

 

 R

 

ACHLIS

 

, M.D., 
D

 

ANIEL

 

 S

 

KIEST

 

, M.D., J

 

AMES

 

 S

 

TANFORD

 

, M.D., R

 

ICHARD

 

 S

 

TRYKER

 

, M.D., P

 

HILIP

 

 J

 

OHNSON

 

, M.D., 
D

 

OMINIC

 

 F. L

 

ABRIOLA

 

, P

 

H

 

.D., D

 

IANNE

 

 F

 

ARINA

 

, P

 

H

 

.D., D

 

OUGLAS

 

 J. M

 

ANION

 

, M.D., 

 

AND

 

 N

 

ANCY

 

 M. R

 

UIZ

 

, M.D., 

 

FOR

 

 

 

THE

 

 S

 

TUDY

 

 006 T

 

EAM

 

*

 

A

 

BSTRACT

 

Background

 

Efavirenz is a nonnucleoside reverse-
transcriptase inhibitor of human immunodeficiency
virus type 1 (HIV-1). We compared two regimens con-
taining efavirenz, one with a protease inhibitor and
the other with two nucleoside reverse-transcriptase
inhibitors, with a standard three-drug regimen.

 

Methods

 

The study subjects were 450 patients who
had not previously been treated with lamivudine or
any nonnucleoside reverse-transcriptase inhibitor or
protease inhibitor. In this open-label study, patients
were randomly assigned to one of three regimens:
efavirenz (600 mg daily) plus zidovudine (300 mg
twice daily) and lamivudine (150 mg twice daily); the
protease inhibitor indinavir (800 mg every eight hours)
plus zidovudine and lamivudine; or efavirenz plus in-
dinavir (1000 mg every eight hours).

 

Results

 

Suppression of plasma HIV-1 RNA to un-
detectable levels was achieved in more patients in
the group given efavirenz plus nucleoside reverse-
transcriptase inhibitors than in the group given indin-
avir plus nucleoside reverse-transcriptase inhibitors
(70 percent vs. 48 percent, P<0.001). The efficacy of
the regimen of efavirenz plus indinavir was similar
(53 percent) to that of the regimen of indinavir, zido-
vudine, and lamivudine. CD4 cell counts increased
significantly with all combinations (range of increas-
es, 180 to 201 cells per cubic millimeter). More patients
discontinued treatment because of adverse events
in the group given indinavir and two nucleoside re-
verse-transcriptase inhibitors than in the group giv-
en efavirenz and two nucleoside reverse-transcriptase
inhibitors (43 percent vs. 27 percent, P=0.005).

 

Conclusions

 

As antiretroviral therapy in HIV-1–
infected adults, the combination of efavirenz, zidovu-
dine, and lamivudine has greater antiviral activity and
is better tolerated than the combination of indinavir,
zidovudine, and lamivudine. (N Engl J Med 1999;341:
1865-73.)
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HE advent of new antiretroviral agents, most
notably protease inhibitors, has generated
new hope in the fight against human immu-
nodeficiency virus type 1 (HIV-1).

 

1

 

 The use
of a combination of a protease inhibitor plus two nu-
cleoside reverse-transcriptase inhibitors has decreased
HIV-1 replication to very low levels, thereby bolster-
ing the immune system, as measured by elevations
in CD4 cell counts as well as by better clinical out-
comes.

 

2-4

 

 Enthusiasm for the efficacy of these three-
drug regimens that contain protease inhibitors —
termed highly active antiretroviral therapy

 

5-7

 

 — is
tempered somewhat by ongoing concern about the
large number of pills that must be taken each day, the
frequency of dosing,

 

8,9

 

 interactions among drugs,

 

10-12

 

interactions with food,

 

13

 

 and adverse events.

 

14

 

 These
issues, as well as recent evidence of long-term effects
associated with these regimens, including the dysreg-
ulation of the metabolism of glucose

 

15

 

 and lipids as
well as the redistribution of fat

 

16,17

 

 (the lipodystro-
phy syndrome

 

18,19

 

), have spurred further research into
new agents and regimens.

The nonnucleoside reverse-transcriptase inhibitors
may be alternatives to protease inhibitors in highly ac-
tive antiretroviral therapy.

 

20-22

 

 Concern over toxicity

 

23

 

and antiviral potency

 

24,25

 

 has until now limited the

T
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use of a nonnucleoside reverse-transcriptase inhibi-
tor in place of a protease inhibitor in three-drug com-
binations. Studies in which two-drug regimens of nu-
cleoside reverse-transcriptase inhibitors were compared
with three-drug regimens of two nucleoside reverse-
transcriptase inhibitors plus a nonnucleoside reverse-
transcriptase inhibitor showed greater efficacy of the
three-drug regimens

 

26-28

 

; however, the generalizabil-
ity of the data is limited, because the patients had low
levels of plasma HIV-1 RNA at base line and because
the antiviral response to treatment with a nonnucle-
oside reverse-transcriptase inhibitor plus zidovudine
and didanosine was not sustained.

 

29

 

In a randomized, open-label study, we compared
two new regimens containing the nonnucleoside re-
verse-transcriptase inhibitor efavirenz with the com-
bination of the protease inhibitor indinavir, zidovu-
dine, and lamivudine with respect to safety, tolerability,
and antiretroviral activity. The patients in the study
had not previously been treated with lamivudine or
any nonnucleoside reverse-transcriptase inhibitor or
protease inhibitor.

 

METHODS

 

Study Design and Patients

 

This randomized, open-label, multicenter trial compared the
combination of indinavir (Crixivan, Merck), zidovudine (Retrovir,
Glaxo Wellcome), and lamivudine (Epivir, Glaxo Wellcome) with
either efavirenz (Sustiva, Dupont Pharmaceuticals) plus zidovudine
and lamivudine or efavirenz plus indinavir. The primary outcome
measure was the percentage of patients with suppression of plasma
HIV-1 RNA to undetectable levels at 48 weeks, as determined by
a quantitative reverse-transcriptase–polymerase-chain-reaction as-
say (Amplicor HIV-1 Monitor, Roche Diagnostic Systems) with a
limit of detection of 400 copies per milliliter. Measurements of sec-
ondary efficacy outcomes included the change in the CD4 cell
count from base line; the percentage of patients with suppression
of HIV-1 RNA to undetectable levels according to an ultrasensitive
assay (Roche) with a limit of detection of less than 50 copies per
milliliter; the development of a new acquired immunodeficiency syn-
drome (AIDS)–defining illness; and death. To determine the safety
of the regimens, we assessed the frequency and severity of new
treatment-related adverse events (clinical or laboratory), discontin-
uation of treatment because of adverse events, and changes from
base line in clinical characteristics and laboratory values.

The patients were recruited from 34 sites in the United States,
Europe, and Canada. They had to be older than 13 years of age,
have laboratory evidence of HIV-1 infection, have a CD4 cell
count of more than 50 cells per cubic millimeter, have a plasma
HIV-1 RNA level of more than 10,000 copies per milliliter, and
have no prior exposure to lamivudine or any nonnucleoside re-
verse-transcriptase inhibitor or protease inhibitor.

The patients received open-label efavirenz (600 mg daily) plus in-
dinavir (1000 mg every eight hours), efavirenz (600 mg daily) plus
zidovudine (300 mg twice daily) and lamivudine (150 mg twice
daily), or indinavir (800 mg every eight hours) plus zidovudine
(300 mg twice daily) and lamivudine (150 mg twice daily). The
higher dose of indinavir compensates for its increased catabolism in
the presence of efavirenz. Patients for whom a regimen was ineffec-
tive or intolerable were not permitted to switch to another regimen.

 

Enrollment and Monitoring

 

Enrollment began in January 1997. The patients had follow-up
visits at two, four, and eight weeks and every four weeks thereaf-

ter, at which they underwent a clinical assessment and routine lab-
oratory monitoring, including CD4 cell count and measurement
of plasma HIV-1 RNA levels. The ultrasensitive assay was per-
formed at weeks 16, 24, 36, and 48. The severity of adverse
events was determined according to the National Cancer Institute
Toxicity Criteria.

 

30

 

 On this scale, a grade of 0 indicates the ab-
sence of adverse effects, a grade of 1 a minimal effect, a grade of
2 a mild effect, a grade of 3 a moderate effect, and a grade of 4 a
severe effect.

 

Statistical Analysis

 

Using a chi-square test, we compared the rates of response
among the treatment groups in terms of the percentage of pa-
tients with suppression of plasma HIV-1 RNA levels to less than
400 copies per milliliter (the primary efficacy outcome) as well as
the percentage for whom it was less than 50 copies per milliliter.
We made comparisons between the two regimens containing
efavirenz and the regimen containing indinavir plus two nucleo-
side reverse-transcriptase inhibitors. For the analysis according to
treatment received, we included only patients for whom out-
comes were measured at specified time points. The intention-to-
treat analysis involved all patients enrolled in the study, including
those assigned to a regimen but never treated; in this analysis pa-
tients who discontinued treatment were considered to have had
no response. Any value that was missing at any point was imputed
as a nonresponse, with the exception of missing values for which
the preceding and subsequent measurements indicated treatment
success, in which case the data were censored.

To assess the antiretroviral activity in patients with high levels
of plasma HIV-1 RNA, we performed a post hoc analysis of re-
sponse rates for the subgroup of patients with base-line levels of
more than 100,000 copies per milliliter. We used analysis of vari-
ance to compare changes from base line in the levels of plasma
HIV-1 RNA and CD4 cell counts. In the analysis of adverse
events, we compared the treatments by pairwise chi-square test.
All P values reported are two-sided. P values were not adjusted
for the repeated analyses.

 

RESULTS

 

Characteristics of the Patients

 

A total of 450 patients were enrolled in the study
between January and September 1997. The base-line
characteristics of the patients were similar among
the three groups (Table 1).

 

Follow-up and Discontinuation of Treatment

 

The median duration of follow-up was 47.9 weeks
(335 days). Ten percent of the patients (46 of 450)
were lost to follow-up or withdrew consent. The du-
ration of follow-up and the percentage of patients lost
to follow-up were similar among all treatment groups.

Nineteen of the patients (4 percent) were random-
ly assigned to a treatment group but never received
the treatment. The proportion of patients who dis-
continued treatment for any reason was higher in
the group receiving indinavir plus two nucleoside re-
verse-transcriptase inhibitors (43 percent) than in the
group receiving efavirenz plus two nucleoside reverse-
transcriptase inhibitors (27 percent, P=0.005). Forty-
nine patients (11 percent) discontinued treatment as
a result of adverse events (30 in the group given in-
dinavir plus nucleoside reverse-transcriptase inhibi-
tors, 10 in the group given efavirenz plus nucleoside
reverse-transcriptase inhibitors, and 9 in the group
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given efavirenz plus indinavir). The rate of discontin-
uation as a result of adverse events was significantly
higher in the three-drug group that included indin-
avir than in either of the efavirenz groups (P<0.001).

These adverse events were largely gastrointestinal;
9 of the 16 gastrointestinal events were minimal or
mild, and 7 were moderate. Most patients who dis-
continued treatment because of adverse events did so
in the first 12 weeks of the study. Ten patients (2 per-
cent) discontinued therapy because of a lack of thera-
peutic effect or because of a lack of virologic response.

 

Suppression of Plasma HIV-1 RNA to Undetectable Levels

 

The percentage of patients with suppression of
plasma HIV-1 RNA to undetectable levels according
to the standard assay (<400 copies per milliliter) is
shown in Figure 1. In the analysis according to treat-
ment received, the regimen of efavirenz plus nucle-
oside reverse-transcriptase inhibitors was more effec-
tive than the regimen of indinavir plus nucleoside
reverse-transcriptase inhibitors at all points (Fig. 1A).
These differences were statistically significant at weeks
2, 4, 8, 16, and 48. The regimen of indinavir plus nu-
cleoside reverse-transcriptase inhibitors was more ef-
fective than the regimen of efavirenz plus indinavir
at most points, but it was significantly superior only
at week 36. In the intention-to-treat analysis, the reg-

imen of efavirenz plus nucleoside reverse-transcrip-
tase inhibitors was significantly more effective than the
regimen of indinavir plus nucleoside reverse-transcrip-
tase inhibitors at all points (Fig. 1B). Response rates
at 48 weeks were 70 percent for the group given
efavirenz plus nucleoside reverse-transcriptase inhib-
itors, 48 percent for the group given indinavir plus
nucleoside reverse-transcriptase inhibitors, and 53 per-
cent for the group given efavirenz plus indinavir.

The percentage of patients with plasma HIV-1
RNA levels of less than 50 copies per milliliter ac-
cording to the ultrasensitive assay is shown in Figure
2. In the analysis according to treatment received,
the regimen of efavirenz plus nucleoside reverse-trans-
criptase inhibitors was more effective than the regi-
men of indinavir plus nucleoside reverse-transcrip-
tase inhibitors at all points (Fig. 2A), and significantly
so at weeks 16 and 48. The response rates were high-
er in the group given indinavir plus nucleoside re-
verse-transcriptase inhibitors than in the group given
efavirenz plus indinavir at all points after week 16
but were never significantly higher. In the intention-
to-treat analysis, the regimen of efavirenz plus nucle-
oside reverse-transcriptase inhibitors was significantly
more effective than the regimen of indinavir plus nu-
cleoside reverse-transcriptase inhibitors at all points
(Fig. 2B).

 

*NRTI denotes nucleoside reverse-transcriptase inhibitor.

†Some patients reported multiple HIV-1 risk factors.
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(N=148)

 

Sex — no. of patients (%)
Male
Female

386 (86)
64 (14)

136 (88)
18 (12)

128 (86)
20 (14)

122 (82)
26 (18)

Mean (±SD) age — yr 36.3±8.2 36.5±8.4 36.9±8.4 35.5±7.9
Race or ethnic group — no. of 

patients (%)
Non-Hispanic white
Black
Hispanic or Latino
Other

270 (60)
76 (17)
85 (19)
19 (4)

91 (59)
27 (18)
31 (20)
5 (3)

92 (62)
25 (17)
25 (17)
6 (4)

87 (59)
24 (16)
29 (20)
8 (5)

Prior NRTI therapy other than lamivu-
dine — no. of patients (%)

67 (15) 27 (18) 18 (12) 22 (15)

HIV-1 risk factor — no. of patients (%)† 
Homosexual
Heterosexual
Intravenous drug abuse
Other

307 (68)
104 (23)
43 (10)
20 (4)

115 (75)
25 (16)
12 (8)
10 (6)

99 (67)
35 (24)
17 (11)
2 (1)

93 (63)
44 (30)
14 (9)
8 (5)

CD4 count — cells/mm

 

3

 

Mean
Range

345
22–1234

350
35–1234

341
33–1070

344
22–994

Plasma HIV-1 RNA — copies/ml
Mean
Range

58,884
2239–9,549,926

60,256
3090–3,235,937

61,660
3548–7,943,282

56,234
2239–2,344,229

Plasma HIV-1 RNA — log copies/ml
Mean
Range

4.77
3.35–6.98

4.78
3.49–6.51

4.79
3.55–6.98

4.75
3.35–6.37
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Figure 1.

 

 Percentage of Patients with Plasma HIV-1 RNA Levels of Less Than 400 Copies per Milliliter, According to an Analysis Based
on the Treatment Received (Panel A) and the Intention-to-Treat Analysis (Panel B).
Asterisks denote statistically significant differences (P<0.05) from indinavir plus zidovudine and lamivudine.
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Figure 2.

 

 Percentage of Patients with Plasma HIV-1 RNA Levels of Less Than 50 Copies per Milliliter, According to an Analysis Based
on the Treatment Received (Panel A) and the Intention-to-Treat Analysis (Panel B).
P values are for the comparison with the group given indinavir plus zidovudine and lamivudine.
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Response Rates Stratified According to Base-Line HIV-1 
RNA Levels

 

The subgroup analysis of the percentages of patients
with HIV-1 RNA levels of less than 50 copies per
milliliter at 48 weeks, stratified according to base-line
plasma HIV-1 RNA levels, is shown in Figure 3. When
we compared regimens in patients with HIV-1 RNA
levels of at least 100,000 copies per milliliter at base
line, we found that the regimen of efavirenz plus nu-
cleoside reverse-transcriptase inhibitors was significant-
ly more effective than that of indinavir plus nucleoside
reverse-transcriptase inhibitors. Response rates in the
subgroup of patients with HIV-1 RNA levels of at least
100,000 copies per milliliter at base line were the same
as or greater than those in the subgroup of patients
with base-line HIV-1 RNA levels of less than 100,000
copies per milliliter for the group given efavirenz plus
nucleoside reverse-transcriptase inhibitors.

 

Changes from Base Line in CD4 Cell Counts

 

Significant increases from base line in CD4 cell
counts were found in all three groups at all points.
At 48 weeks of therapy, mean increases of 201, 185,
and 180 cells per cubic millimeter were found in the
group given efavirenz plus nucleoside reverse-trans-
criptase inhibitors, the group given indinavir plus nu-
cleoside reverse-transcriptase inhibitors, and the group
given efavirenz plus indinavir, respectively (Fig. 4).

 

AIDS-Defining Illnesses

 

The overall rate of new AIDS-defining events was
low; only seven patients in the group given efavirenz
plus nucleoside reverse-transcriptase inhibitors, nine
patients in the group given indinavir plus nucleoside
reverse-transcriptase inhibitors, and three patients in
the group given efavirenz plus indinavir had these
events. There were no significant differences among
the groups.

 

Adverse Events

 

In patients in all three groups, the most common
treatment-related adverse events that were at least mild
in severity were nausea, maculopapular rash, vomit-
ing, fatigue, headache, and dizziness. The rates of nau-
sea (27 percent), vomiting (15 percent), pain (pre-
dominantly of the flank, 11 percent), and increased
bilirubin levels (8 percent) were significantly higher
(by no more than 12, 7, and 2 and less than 1 percent-
age points, respectively) in the group given indinavir
plus nucleoside reverse-transcriptase inhibitors than
in the two groups treated with the efavirenz-contain-
ing regimens. The rates of maculopapular rash and
insomnia were higher in the group given efavirenz
plus indinavir than in the group given indinavir plus
nucleoside reverse-transcriptase inhibitors (16 percent
vs. 6 percent and 6 percent vs. 1 percent, respective-
ly). Dizziness and impaired concentration were more

 

Figure 3.

 

 Percentage of Patients with Plasma HIV-1 RNA Levels of Less Than 50 Copies per Milliliter at Week 48, Stratified According
to Base-Line Plasma HIV-1 RNA Level.
The results were analyzed according to the treatment actually received (Panel A) and according to the intention to treat (Panel B).
Base-line samples were not available for three patients who received efavirenz, zidovudine, and lamivudine, one of whom discon-
tinued the study.
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frequent in the group given efavirenz plus nucleoside
reverse-transcriptase inhibitors than in the group treat-
ed with indinavir and nucleoside reverse-transcriptase
inhibitors (9 percent vs. 8 percent and 9 percent vs.
8 percent, respectively).

Two distinct groups of adverse events — rash and
central nervous system symptoms — were analyzed
separately. Both groups receiving the regimens con-
taining efavirenz had higher rates of rash (34 percent
for each group) than the group receiving indinavir
and two nucleoside reverse-transcriptase inhibitors
(18 percent). None of the patients who received
efavirenz had a severe rash, and the median duration
of rash was 14 days. There were no significant differ-
ences among the groups with regard to discontinu-
ation of treatment because of rash. Central nervous
system symptoms reported in all treatment groups
included, but were not limited to, dizziness, im-
paired concentration, insomnia, and abnormal dream-
ing. The incidence was 58 percent in the group given
efavirenz plus nucleoside reverse-transcriptase inhib-
itors, 53 percent in the group given efavirenz plus
indinavir, and 26 percent in the group given in-
dinavir plus nucleoside reverse-transcriptase inhibi-
tors (P<0.001). No severe adverse events were re-
ported, and the median duration of symptoms was
19 to 22 days. There were no significant differences
among the groups with regard to discontinuation of

treatment as a result of these central nervous system
symptoms.

There were no significant differences among treat-
ment groups with regard to clinically notable labo-
ratory abnormalities, except hyperbilirubinemia, which
was more frequent in the group given indinavir plus
nucleoside reverse-transcriptase inhibitors. One pa-
tient in the group given efavirenz plus indinavir died
of lymphoma during the first 48 weeks of the study.
The death was not considered to be related to the
treatment.

 

DISCUSSION

 

In this open-label, randomized study, we found
that the combination of efavirenz plus zidovudine
and lamivudine had better antiretroviral activity and
fewer adverse effects than treatment with indinavir
plus these same nucleoside reverse-transcriptase inhib-
itors in HIV-1–infected patients who had base-line
CD4 cell counts of more than 50 cells per cubic mil-
limeter and plasma HIV-1 RNA levels of more than
10,000 copies per milliliter. Most patients had not
previously received antiretroviral therapy. The two-
drug combination of efavirenz plus indinavir had few-
er adverse effects than the combination of indinavir
and two nucleoside reverse-transcriptase inhibitors,
and the efficacy of the two regimens was similar. Ac-
cording to an intention-to-treat analysis, the per-
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centages of patients with plasma HIV-1 RNA levels
of less than 400 copies per milliliter at 48 weeks were
70 percent in the group assigned to efavirenz plus
nucleoside reverse-transcriptase inhibitors, 53 percent
in the group assigned to efavirenz plus indinavir, and
48 percent in the group assigned to indinavir plus
nucleoside reverse-transcriptase inhibitors.

The correlation between plasma HIV-1 RNA lev-
els and clinical outcomes is well established, and the
use of these levels as a surrogate for efficacy is widely
accepted,

 

31-34

 

 especially when data beyond 24 weeks
are available. The clinical significance of these data is
reflected in recent modifications to therapeutic guide-
lines for the treatment of HIV-1 infection. The com-
bination of efavirenz plus two nucleoside reverse-
transcriptase inhibitors is now included as a preferred
first-line therapy.35 Corroborating the analysis of the
primary efficacy outcome are data obtained through
the use of the ultrasensitive plasma HIV-1 RNA as-
say.36-38 Maximal antiviral suppression, as demonstrat-
ed by decreases in plasma HIV-1 RNA to levels be-
low the limit of quantification of the most sensitive
assays, has been shown to be predictive of more sus-
tained antiviral response and is increasingly becom-
ing the goal of antiretroviral therapy.39 Our subgroup
analysis of efficacy outcome, stratified according to
base-line levels of plasma HIV-1 RNA, indicated that
the combination of efavirenz plus nucleoside re-
verse-transcriptase inhibitors was just as efficacious
in patients with plasma HIV-1 RNA levels of at least
100,000 copies per milliliter at base line.

We performed two separate and complementary
analyses of these data. The analysis according to the
actual treatment addressed the probability that a pa-
tient who continues to receive treatment for any giv-
en time will have suppression of viral replication to be-
low quantifiable levels. It did not account for patients
who discontinue therapy because of toxicity or a lack
of adequate antiviral response.40 The intention-to-treat
analysis (in which a discontinuation of treatment was
counted as treatment failure) incorporated such dis-
continuations and thus is a measure of the effective-
ness of the treatment regimens. It did not take into
account the reason for discontinuation, however, and
thus might overestimate the importance of discontin-
uations that are not clinically relevant.41-43 These com-
plementary types of analysis showed the regimen of
efavirenz plus zidovudine and lamivudine to be more
efficacious than the combination of indinavir and the
two nucleoside reverse-transcriptase inhibitors.

There were differences in the rates of discontinu-
ation of treatment. The overall rates of discontinua-
tion were influenced by an unexpectedly high num-
ber of patients who dropped out of the study for
unknown reasons that were unrelated to safety or ef-
ficacy. The higher rate of discontinuation in the group
given indinavir plus two nucleoside reverse-transcrip-
tase inhibitors was largely due to gastrointestinal ef-

fects (11 percent). This rate is consistent with data
reported for patients receiving for the first time both
indinavir and zidovudine concomitantly.44

Our study was conducted in an open-label fashion
because of the complexity of blinding the patients to
the treatment assignments. To do so would have re-
quired that all patients ingest a total of 29 pills per
day, administered three times a day from five sepa-
rate bottles. Concern that the complexity of such a
dosing schedule would compromise patient compli-
ance and safety prompted the decision to conduct the
study in an open-label manner. To balance the open-
label nature of the study design, the clinicians and
the staff of the central laboratory conducting the ef-
ficacy assays were unaware of the treatment assign-
ment, and patients and their physicians were un-
aware of efficacy results through the first 24 weeks
of the study. Although it is impossible to discount
with absolute certainty an effect of this design on out-
comes, it is highly reassuring that even though pa-
tients were aware of their treatment assignments, there
were no significant differences among the treatment
groups in terms of the number of patients who were
lost to follow-up or the number assigned to a treat-
ment group but who never received treatment.

Our findings strongly support the use of efavirenz
in HIV-1–infected patients who have not received
treatment previously. The superior antiviral activity of
the regimen of efavirenz plus two nucleoside reverse-
transcriptase inhibitors as compared with a three-drug
combination containing a protease inhibitor was not
anticipated. Concern that the nonnucleoside reverse-
transcriptase inhibitors as a class have less antiviral ac-
tivity as well as a lower threshold for the development
of resistance than protease inhibitors does not appear
to be justified for efavirenz. Our results raise the is-
sue of the importance of pharmacologic factors in
terms of efficacy. The ratio of the free-drug trough
levels of efavirenz in plasma to the amount required
in vitro to inhibit 90 percent of protein-free wild-
type virus is 26.45 This fact, coupled with the long ter-
minal half-life of efavirenz (40 to 55 hours), suggests
that it is highly unlikely that variability among patients
in terms of pharmacokinetics or even an occasional
omission of a dose would result in subtherapeutic
trough levels and an increased risk of the emergence
of a resistant virus. The pharmacokinetic advantages
of efavirenz may present a considerable pharmacologic
barrier to treatment failure that may be of paramount
importance to the success of an antiretroviral regimen.

This study was wholly funded by Dupont Pharmaceuticals.

APPENDIX

The following institutions and investigators participated in Study 006:
Center for Special Immunology, Chicago — D. Berger; Infectious Diseases,
Indianapolis — J. Black; Drug Research Services, Metairie, La. — B. Lutz;
Boulder Community Hospital, Boulder, Colo. — C. Steinberg; Palm Beach
Research Center, West Palm Beach, Fla. — B. Miskin; Center for Special Im-
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munology, Fort Lauderdale, Fla. — W. Reiter; St. Luke Medical Group, San
Diego, Calif. — D. Pearce; University of Missouri–Kansas City Medical
School and the Kansas City AIDS Research Consortium, Kansas City — D.
Butcher; Arizona Clinical Research Center, Tucson — J. Carmichael; New
York — M. Glesby; Miriam Hospital, Providence, R.I. — T. Flanigan; Infec-
tious Disease Research Institute, Tampa, Fla. — B. Yangco; Thomas Jefferson
University, Philadelphia — T. Babinchak, K. Henning, and R. Pomerantz;
St. Michael’s Medical Center, Newark, N.J. — J. Boghossian; Medical College
of Georgia, Augusta — C. Newman; Novum, Washington, D.C. — M. Mus-
tafa; Center for Special Immunology, Irvine, Calif. — P. Cimoch; ID Con-
sultants, Charlotte, N.C. — J. Lang; University of Kentucky Medical Center,
Lexington — R. Greenberg; Diagnostic Clinic of San Antonio, San Antonio,
Tex. — R. Fetchick and J. Matlock; AIDS Healthcare Foundation, Los An-
geles — C. Farthing; Novum, Seattle — J. Olliffe; St. Stephen’s Centre, London
— M. Nelson; Royal Free Hospital, London — M. Johnson and M. Youle;
Hove General Hospital, Hove, Sussex, United Kingdom — M. Fisher; San
Juan Veterans Affairs Medical Center, San Juan, P.R. — C. Ramirez-Ron-
da; Philadelphia — C. Williamson; Clinical Directors Network, New York —
A. Vaughn; Bradenton, Fla. — E. Godofsky.

REFERENCES

1. Carpenter CC, Fischl MA, Hammer SM, et al. Antiretroviral therapy 
for HIV infection in 1996: recommendations of an international panel. 
JAMA 1996;276:146-54.
2. Hammer SM, Squires KE, Hughes MD, et al. A controlled trial of two 
nucleoside analogues plus indinavir in persons with human immunodefi-
ciency virus infection and CD4 cell counts of 200 per cubic millimeter or 
less. N Engl J Med 1997;337:725-33.
3. Gulick RM, Mellors JW, Havlir D, et al. Treatment with indinavir, zi-
dovudine, and lamivudine in adults with human immunodeficiency virus 
infection and prior antiretroviral therapy. N Engl J Med 1997;337:734-9.
4. Collier AC, Coombs RW, Schoenfeld DA, et al. Treatment of human 
immunodeficiency virus infection with saquinavir, zidovudine, and zalcita-
bine: AIDS Clinical Trials Group. N Engl J Med 1996;334:1011-7.
5. Li TS, Tubiana R, Katlama C, Calvez V, Ait Mohand H, Autran B. 
Long-lasting recovery in CD4 T-cell function and viral-load reduction after 
highly active antiretroviral therapy in advanced HIV-1 disease. Lancet 
1998;351:1682-6.
6. Flexner C. HIV-protease inhibitors. N Engl J Med 1998;338:1281-92.
7. Deeks SG, Smith M, Holodniy M, Kahn JO. HIV-1 protease inhibitors: 
a review for clinicians. JAMA 1997;277:145-53.
8. Stone VE, Clarke J, Lovell J, et al. HIV/AIDS patients’ perspectives on 
adhering to regimens containing protease inhibitors. J Gen Intern Med 
1998;13:586-93.
9. Katzenstein DA. Adherence as a particular issue with protease inhibi-
tors. J Assoc Nurses AIDS Care 1997;8:Suppl:10-7.
10. Van Cleef GF, Fisher EJ, Polk RE. Drug interaction potential with in-
hibitors of HIV protease. Pharmacotherapy 1997;17:774-8.
11. Clinical update: impact of HIV protease inhibitors on the treatment of 
HIV-infected tuberculosis patients with rifampin. MMWR Morb Mortal 
Wkly Rep 1996;45:921-5.
12. Malaty LI, Kuper JJ. Drug interactions of HIV protease inhibitors. 
Drug Saf 1999;20:147-69.
13. Yeh KC, Deutsch PJ, Haddix H, et al. Single-dose pharmacokinetics 
of indinavir and the effect of food. Antimicrob Agents Chemother 1998;
42:332-8. [Erratum, Antimicrob Agents Chemother 1998;42:1308.]
14. Sutherland SE, Reigle MD, Seftel AD, Resnick MI. Protease inhibitors 
and urolithiasis. J Urol 1997;158:31-3.
15. Walli R, Herfort O, Michl GM, et al. Treatment with protease inhib-
itors associated with peripheral insulin resistance and impaired oral glucose 
tolerance in HIV-1 infected patients. AIDS 1998;12:F167-F173.
16. Striker R, Conlin D, Marx M, Wiviott L. Localized adipose tissue hy-
pertrophy in patients receiving human immunodeficiency virus protease in-
hibitors. Clin Infect Dis 1998;27:218-20.
17. Roth VR, Kravcik S, Angel JB. Development of cervical fat pads fol-
lowing therapy with human immunodeficiency virus type 1 protease inhib-
itors. Clin Infect Dis 1998;27:65-7.
18. Carr A, Samaras K, Chisholm DJ, Cooper DA. Pathogenesis of HIV-1 
protease inhibitor-associated peripheral lipodystrophy, hyperlipidaemia, 
and insulin resistance. Lancet 1998;351:1881-3.
19. Silva M, Skolnik PR, Gorbach SL, et al. The effect of protease inhib-
itors on weight and body composition in HIV-infected patients. AIDS 
1998;12:1645-51.
20. De Clercq E. The role of non-nucleoside reverse transcriptase inhibi-
tors (NNRTIs) in the therapy of HIV-1 infection. Antiviral Res 1998;38:
153-79.
21. Kilby JM, Saag MS. Is there a role for non-nucleoside reverse trans-
criptase inhibitors in the treatment of HIV infection? Infect Agents Dis 
1994;3:313-23.

22. Havlir D, Cheeseman SH, McLaughlin M, et al. High-dose nevira-
pine: safety, pharmacokinetics, and antiviral effect in patients with human 
immunodeficiency virus infection. J Infect Dis 1995;171:537-45.
23. Bourezane Y, Salard D, Hoen B, Vandel S, Drobacheff C, Laurent R. 
DRESS (drug rash with eosinophilia and systemic symptoms) syndrome as-
sociated with nevirapine therapy. Clin Infect Dis 1998;27:1321-2.
24. Demeter LM, Meehan PM, Morse G, et al. HIV-1 drug susceptibili-
ties and reverse transcriptase mutations in patients receiving combination 
therapy with didanosine and delavirdine. J Acquir Immune Defic Syndr 
Hum Retrovirol 1997;14:136-44.
25. de Jong MD, Vella S, Carr A, et al. High-dose nevirapine in previously 
untreated human immunodeficiency virus type 1-infected persons does not re-
sult in sustained suppression of viral replication. J Infect Dis 1997;175:966-70.
26. Carr A, Vella S, de Jong MD, et al. A controlled trial of nevirapine 
plus zidovudine versus zidovudine alone in p24 antigenaemic HIV-infected 
patients. AIDS 1996;10:635-41.
27. D’Aquila RT, Hughes MD, Johnson VA, et al. Nevirapine, zidovudine, 
and didanosine compared with zidovudine and didanosine in patients with 
HIV-1 infection: a randomized, double-blind, placebo-controlled trial. 
Ann Intern Med 1996;15:1019-30.
28. Floridia M, Bucciardini R, Ricciardulli D, et al. A randomized, dou-
ble-blind trial on the use of a triple combination including nevirapine, a 
nonnucleoside reverse transcriptase HIV inhibitor, in antiretroviral-naive 
patients with advanced disease. J Acquir Immune Defic Syndr Hum Ret-
rovirol 1999;20:11-9.
29. Montaner JSG, 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: Italy, the Netherlands, Canada 
and Australia Study. JAMA 1998;279:930-7.
30. Division of Cancer Treatment. Guidelines for reporting adverse drug 
reactions. Washington, D.C.: National Cancer Institute, January 1988.
31. Coombs RW, Welles SL, Hooper C, et al. Association of plasma hu-
man immunodeficiency virus type 1 RNA level with risk of clinical progres-
sion in patients with advanced infection. J Infect Dis 1996;174:704-12.
32. Welles SL, Jackson JB, Yen-Lieberman B, et al. Prognostic value of 
plasma human immunodeficiency virus type 1 (HIV-1) RNA levels in pa-
tients with advanced HIV-1 disease and with little or no prior zidovudine 
therapy. J Infect Dis 1996;174:696-703.
33. O’Brien WA, Hartigan PM, Martin D, et al. Changes in plasma HIV-1 
RNA and CD4+ lymphocyte counts and the risk of progression to AIDS. 
N Engl J Med 1996;334:426-31.
34. Mellors JW, Rinaldo CR Jr, Gupta P, White RM, Todd JA, Kingsley 
LA. Prognosis in HIV-1 infection predicted by the quantity of virus in 
plasma. Science 1996;272:1167-70. [Erratum, Science 1997;275:14.]
35. Panel on Clinical Practices for Treatment of HIV Infection, Depart-
ment of Health and Human Services (DHHS). Guidelines for the use of 
antiretroviral agents in HIV-infected adults and adolescents. J Int Assoc 
Physicians AIDS Care 1998;5:Suppl 2:4-33.
36. Sun R, Ku J, Jayakar H, et al. Ultrasensitive reverse transcription-PCR 
assay for quantitation of human immunodeficiency virus type 1 RNA in 
plasma. J Clin Microbiol 1998;36:2964-9.
37. Segondy M, Izopet J, Pellegrin I, et al. Comparison of the QUANTI-
PLEX HIV-1 RNA 2.0 assay with the AMPLICOR HIV-1 MONITOR 1.0 
assay for quantitation of levels of human immunodeficiency virus type 1 
RNA in plasma of patients receiving stavudine-didanosine combination 
therapy. J Clin Microbiol 1998;36:3392-5.
38. Hashida S, Hashinaka K, Nishikata I, et al. Shortening of the window 
period in diagnosis of HIV-1 infection by simultaneous detection of p24 
antigen and antibody IgG to p17 and reverse transcriptase in serum with 
ultrasensitive enzyme immunoassay. J Virol Methods 1996;62:4-53.
39. Kempf D, Rode RA, Xu Y, et al. The duration of viral suppression dur-
ing protease inhibitor therapy for HIV-1 infection is predicted by plasma 
HIV-1 RNA at the nadir. AIDS 1998;12:F9-F14.
40. Chene G, Morlat P, Leport C, et al. Intention-to-treat vs. on-treat-
ment analyses of clinical trial data: experience from a study of pyrimetha-
mine in the primary prophylaxis of toxoplasmosis in HIV-infected patients. 
Control Clin Trials 1998;19:233-48.
41. Kleinman KP, Ibrahim JG, Laird NM. A Bayesian framework for in-
tent-to-treat analysis with missing data. Biometrics 1998;54:265-78.
42. Little R, Yau L. Intent-to-treat analysis for longitudinal studies with 
drop-outs. Biometrics 1996;52:1324-33.
43. Tsiatis A. Methodological issues in AIDS clinical trials: intent-to-treat 
analysis. J Acquir Immune Defic Syndr 1990;3:Suppl 2:S120-S123.
44. Youle M, Sawyer W. Reasons for discontinuation of antiretroviral treat-
ment: a clinical survey. AIDS 1999;12:Suppl 4:S63. abstract.
45. Erickson-Viitanen S, Corbett J, Ko S, et al. DMP 961 and DMP 963: 
2nd generation non-nucleoside reverse transcriptase inhibitors active 
against the RT K103N mutant. In: Conference record of the Sixth Con-
ference on Retroviruses and Opportunistic Infections, Chicago, January 
31–February 4, 1999. abstract.

Copyright © 1999 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 30, 2009 . For personal use only. No other uses without permission. 


