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ABSTRACT

Background Lopinavir is a newly developed inhib-
itor of human immunodeficiency virus (HIV) protease
that, when formulated with ritonavir, yields mean
trough plasma lopinavir concentrations that are at
least 75 times as high as that needed to inhibit rep-
lication of wild-type HIV by 50 percent.

Methods We conducted a double-blind trial in which
653 HIV-infected adults who had not received anti-
retroviral therapy for more than 14 days were ran-
domly assigned to receive either lopinavir—ritonavir
(400 mg of lopinavir plus 100 mg of ritonavir twice
daily) with nelfinavir placebo or nelfinavir (750 mg
three times daily) with lopinavir-ritonavir placebo.
All patients also received open-label stavudine and
lamivudine. The primary efficacy end points were the
presence of fewer than 400 HIV RNA copies per mil-
liliter of plasma at week 24 and the time to the loss
of virologic response through week 48.

Results At week 48, greater proportions of patients
treated with lopinavir-ritonavir than of patients treat-
ed with nelfinavir had fewer than 400 copies of HIV
RNA per milliliter (75 percent vs. 63 percent, P<0.001)
and fewer than 50 copies per milliliter (67 percent vs.
52 percent, P<<0.001). The time to the loss of virologic
response was greater in the lopinavir-ritonavir group
than in the nelfinavir group (hazard ratio, 2.0; 95 per-
cent confidence interval, 1.5 to 2.7; P<<0.001). The es-
timated proportion of patients with a persistent viro-
logic response through week 48 was 84 percent for
patients receiving lopinavir-ritonavir and 66 percent
for those receiving nelfinavir. Both regimens were well
tolerated, with the rate of discontinuation related to
the study drugs at 3.4 percent among patients re-
ceiving lopinavir-ritonavir and 3.7 percent among
patients receiving nelfinavir. Among patients with
more than 400 copies of HIV RNA per milliliter at
some point from week 24 through week 48, resistance
mutations in HIV protease were demonstrated in viral
isolates from 25 of 76 nelfinavir-treated patients (33
percent) and none of 37 patients treated with lopin-
avir—ritonavir (P<0.001).

Conclusions For the initial treatment of HIV-infect-
ed adults, a combination regimen that includes lo-
pinavir—ritonavir is well tolerated and has antiviral
activity superior to that of a nelfinavir-containing reg-
imen. (N Engl J Med 2002;346:2039-46.)
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ROTEASE inhibitor—based combination an-

tiretroviral therapy has led to dramatic im-

provements in morbidity and mortality asso-

ciated with human immunodeficiency virus
(HIV) infection.* However, virologic failure occurs
within 12 months in up to 50 percent of patients in
whom combination antiretroviral therapy is initiat-
ed.57 Major factors contributing to failure are poor
tolerability and toxicity of the drugs, incomplete ad-
herence to the regimen on the part of patients, and
pharmacokinetic properties that result in trough con-
centrations close to or below the levels required to
inhibit HIV replication effectively.$® Lopinavir is a
novel peptidomimetic protease inhibitor with potent
in vitro activity against HIV19; it has been formulated
with low-dose ritonavir, a cytochrome P450 3A4 en-
zyme inhibitor, to enhance its pharmacokinetic profile.
When administered at a dose of 400 mg of lopinavir
and 100 mg of ritonavir twice daily, the resulting
mean trough lopinavir concentrations are at least 75
times as high as the protein binding—corrected con-
centration needed to inhibit the replication of wild-
type HIV by 50 percent (EC,;).'! The combination
of lopinavir and ritonavir was developed to exploit
this pharmacokinetic advantage, with the goal of min-
imizing the risk of treatment failure and maximizing
the durability of a treatment response.

The activity of lopinavir—ritonavir in HIV-infected
patients was first demonstrated in a phase 2 study of
lopinavir—ritonavir in combination with stavudine
and lamivudine, in patients who had not previously
been treated with antiretroviral drugs. An intention-
to-treat analysis showed that HIV RNA was sup-
pressed to fewer than 50 copies per milliliter in 78 per-
cent of these patients after 48 weeks of treatment.12
On the basis of initial observations from that study,
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we conducted a randomized, double-blind, multi-
center trial to compare the safety and efficacy of lopin-
avir—ritonavir with that of nelfinavir.

METHODS
Patients

Patients were recruited from 93 centers in 13 countries in North
America, South America, Europe, Africa, and Australia. The patients
were at least 12 years old, had more than 400 copies of HIV RNA
per milliliter of plasma (measured by Roche Amplicor HIV-1
Monitor), a Karnofsky score over 70, and no prior treatment with
stavudine or lamivudine or prior treatment with any other anti-
retroviral therapy for more than 14 days at any time. There was
no restriction on the CD4+ cell count. The patients had not been
treated for an active opportunistic infection within 30 days before
screening. The exclusion criteria also included pregnancy and ala-
nine aminotransferase or aspartate aminotransferase levels more
than three times the upper limit of normal. All patients gave written
informed consent.

Study Design

We conducted a randomized, double-blind, comparative study.
The primary outcome measures were the proportion of patients
with fewer than 400 copies of HIV RNA per milliliter of plasma
at 24 weeks and the time to the loss of virologic response through
48 weeks. Secondary efficacy outcomes included the proportion of
patients with fewer than 50 copies of HIV RNA per milliliter at
weeks 24 and 48 (as determined with the Roche Amplicor HIV-
1 Monitor) and changes in the CD4+ cell count. To assess safety,
the frequency and severity of treatment-related adverse events,
the incidence of laboratory abnormalities, and changes from base
line in clinical and laboratory values were compared between the
two treatment groups.

Treatment Regimens

Patients were centrally assigned according to a computer-gen-
erated randomization schedule in a 1:1 fashion either to receive lo-
pinavir—ritonavir (Kaletra, Abbott Laboratories) at a dose of 400
mg of lopinavir and 100 mg of ritonavir twice daily, plus nelfinavir
placebo three times daily, or to receive nelfinavir (Viracept, Agou-
ron) at a dose of 750 mg three times daily plus a lopinavir—ritona-
vir placebo twice daily. No stratification was used in the random-
ization. After approval by the Food and Drug Administration of
the nelfinavir regimen consisting of 1250 mg twice daily, the pro-
tocol was amended to allow nelfinavir to be taken either three or
two times daily by patients who had completed at least 24 weeks
of study treatment. Thirty patients made this change before week
48. All patients also received twice-daily open-label lamivudine
(150 mg; Epivir, GlaxoSmithKline) and stavudine (40 mg; Zerit,
Bristol-Myers Squibb) (patients weighing less than 60 kg received
30 mg). If adverse events related to stavudine or lamivudine oc-
curred, the drug could be discontinued and replaced with another
nucleoside drug at the discretion of the investigator.

Assessment and Monitoring

The patients were evaluated at base line, every four weeks through
week 24, then every eight weeks through week 48. At each visit
an interim history was taken and a physical examination was per-
formed, adverse events were recorded, nonfasting hematologic
and blood-chemistry evaluation were performed, and the HIV
RNA level and CD4+ cell count were determined. Peripheral fat
wasting, central adiposity, breast hypertrophy, development of a
dorsal fat pad, multiple lipomas, and a cushingoid appearance were
all considered to be adverse events associated with lipodystrophy
or lipoatrophy. Patients’ rates of adherence to the regimens were
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determined by pill counts of the active protease inhibitor at each
study visit.

Viral Genotyping and Phenotypic Analysis

Viral genotyping (GeneSeq, ViroLogic) was performed on sam-
ples from all patients who had more than 400 copies of HIV RNA
per milliliter at any study visit between weeks 24 and 48. Pheno-
typic analysis (PhenoSense, ViroLogic) was also conducted on sam-
ples from patients treated with lopinavir—ritonavir. For patients with
multiple genotypic results, the latest sample was used for data
analysis. Resistance to nelfinavir was defined as the presence of a
D30N or L90M mutation in HIV protease.!* Genotyping was
also performed on stored isolates obtained at base line from nel-
finavir-treated patients with a D30N or L90M mutation at any
time between week 24 and week 48. In the absence of data on new
mutations selected by lopinavir in vivo, resistance to lopinavir was
defined conservatively as the development of any primary or active-
site protease mutation (i.e., a mutation at amino acid 8, 30, 32, 46,
47, 48, 50, 82, 84, or 90).14 Lamivudine resistance was defined
as the presence of the M184V/I mutation in reverse transcriptase.

Statistical Analysis

The planned sample size of 330 patients per treatment group
provided the study, at the two-sided 0.05 level of significance, with
80 percent power to detect an absolute difference of 10 percent
in the proportion of patients with fewer than 400 copies of HIV
RNA per milliliter, based on a predicted response rate of 70 per-
cent at week 24 for nelfinavir-treated patients. It also provided 85
percent power to detect an absolute difference of 12 percent (62
percent vs. 50 percent) in the proportion of patients with a viro-
logic response that persisted through week 48. As specified in the
protocol, only patients who actually received the study drugs were
included in the analyses. The proportion of patients with fewer
than 400 or fewer than 50 copies of HIV RNA per milliliter was
summarized, with missing values considered to be greater than or
equal to 400 copies per milliliter or greater than or equal to 50
copies per milliliter, respectively. Treatment groups were compared
by Fisher’s exact test. The distribution of values for time to the loss
of virologic response through week 48 was estimated with use of
a Kaplan—Meier procedure, and the treatment groups were com-
pared by means of the Cox proportional-hazards model. The time
of the loss of virologic response was defined as day O for patients
who never had fewer than 400 copies of HIV RNA per milliliter
or as the date of the first of the following: the first of two con-
secutive HIV RNA values greater than or equal to 400 copies per
milliliter after any HIV RNA value of less than 400 copies per mil-
liliter, the use of an antiretroviral agent not allowed by the proto-
col, or premature discontinuation of the study drug for reasons
related to treatment. The rates of incidence of adverse events were
compared by Fisher’s exact test. A one-way analysis of variance
was used to evaluate mean changes from base line. All statistical
tests were two-sided.

The data were gathered at study centers by site investigators and
research nurses and forwarded to Abbott Laboratories for data entry
and statistical analysis. The principal investigator (Dr. Walmsley)
was provided with the data set, drafted the manuscript, and then
revised it on the basis of comments from all the other authors.
No restrictions were imposed by Abbott on the interpretation of
the data or the writing of the manuscript.

RESULTS

Of 859 patients screened, 686 met the eligibility
criteria and were randomly assigned to treatment be-
tween March 30, 1999, and September 30, 1999.
Thirty-three patients (17 assigned to lopinavir—ritona-
vir and 16 to nelfinavir) never received a study drug;
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the remaining 653 patients were included in the
analysis. The base-line characteristics were similar in
the two study groups (Table 1). A total of 56 patients
in the lopinavir—ritonavir group and 77 patients in
the nelfinavir group withdrew from the study before
week 48. Study drug-related adverse events resulted
in discontinuation in 3.4 percent of patients treated
with lopinavir—ritonavir and 3.7 percent of those
treated with nelfinavir, and discontinuation due to
virologic failure occurred more frequently among pa-
tients treated with nelfinavir than among those treated
with lopinavir—ritonavir (9.2 percent vs. 0.6 percent,
P<0.001) (Table 2). Although discontinuation of the
randomly assigned therapy was not required for pa-
tients meeting protocol-defined virologic end points,
all patients who discontinued the study with an inves-
tigator-specified reason of virologic failure had reached
a protocol-defined virologic end point. Unblinding
occurred in less than 2 percent of patients and was
generally related to the management of clinically sig-
nificant medical events.

Antiviral Activity

In the primary analysis at week 24, 259 of 326 pa-
tients treated with lopinavir—ritonavir (79 percent)

TABLE 1. SUMMARY OF BASE-LINE CHARACTERISTICS.*

NELFINAVIR
PLUS LAMIVUDINE
AND STAVUDINE

LoPINAVIR—RITONAVIR
PLUS LAMIVUDINE
AND STAVUDINE

CHARACTERISTIC (N=326) (N=327)
Sex — no. (%)

Male 260 (80) 264 (81)

Female 66 (20) 63 (19)
Race or ethnic group — no. (%)

Non-Hispanic white 184 (56) 190 (58)

Non-Hispanic black 81 (25) 83 (25)

Hispanic 48 (15) 37 (11)

Asian or Pacific Islander 8 (2) 12 (4)

Native American or Alaskan 3(1) 3 (1)

Native

Mixed race 2 (1) 2 (1)
Age —yr

Mean 38497 37.3+8.9

Range 19-84 20-68
Weight — kg

Mean 73.4*14.4 74.4+14.8

Range 38.5-136.1 42.5-149.0
HIV RNA — log,, copies/ml

Mean 4.89+0.75 4.92+0.74

Median 5.01 4.98

Range 2.60-6.82 2.79-6.84
CD4+ cell count — cells/mm3

Mean 260*+214 258+196

Median 232 232

Range 2-944 3-949

*Plus—minus values are means *SD.

and 233 of 327 nelfinavir-treated patients (71 percent)
had fewer than 400 copies of HIV RNA per millili-
ter (P<<0.05). The response rates at week 48 were
75 percent for patients treated with lopinavir—ritona-
vir (245 of 326 patients) and 63 percent for nelfin-
avir-treated patients (206 of 327 patients; P<<0.001)
(Fig. 1A). The 95 percent confidence interval for the
difference in these response rates at week 48 was 5 to
19 percent. At week 48, 67 percent of patients treated
with lopinavir—ritonavir and 52 percent of nelfina-
vir-treated patients had fewer than 50 copies of HIV
RNA per milliliter (P<<0.001) (Fig. 1B).

The primary end point for assessing the durability
of the response was the time to the loss of virologic
response through week 48. In this analysis, 51 patients
in the lopinavir—ritonavir group did not have a per-
sistent response, as compared with 108 patients in
the nelfinavir group (P<<0.001 by the Cox propor-
tional-hazards model) (Fig. 2). The Kaplan—Meier
estimates of the proportion of patients with a response
that persisted through week 48 were 84 percent for
the lopinavir—ritonavir group and 66 percent for the
nelfinavir group, corresponding to a hazard ratio of
2.0 (95 percent confidence interval, 1.5 to 2.7). The
reasons for the loss of virologic response included vi-
ral rebound (which occurred in 21 patients receiving
lopinavir—ritonavir and 62 patients receiving nelfin-
avir), failure to achieve viral suppression (22 and 38
patients, respectively), discontinuation of the regimen

TABLE 2. REASONS FOR STUDY DISCONTINUATION
AT OR BEFORE WEEK 48.

LoPINAVIR—

RITONAVIR NELFINAVIR
PLUS LAMIVUDINE PLUS LAMIVUDINE
AND STAVUDINE ~ AND STAVUDINE

REAsON (N=326) (N=327)
no. (%)

Death 5(1.5) 3(0.9)
Study drug—related adverse event 11 (3.4) 12 (3.7)
Other adverse event or HIV-related event 5(1.5) 2 (0.6)
Loss to follow-up 13 (4.0) 16 (4.9)
Personal or other reasons 14 (4.3) 10 (3.1)
Noncompliance 7(2.1) 6 (1.8)
Patient required prohibited medication 1(0.3) 0
Virologic failure* 2(0.6) 30 (9.2)
Totalt 56 (17.2) 77 (23.5)

*P<0.001 for the comparison between the treatment groups. All the pa-
tients who discontinued the study with an investigator-specified reason of
virologic failure had reached a protocol-defined end point.

tTwo patients in each group indicated more than one reason for discon-
tinuation.
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Figure 1. Percentage of Patients with Plasma Human Immunodeficiency Virus (HIV) RNA Levels of Few-
er Than 400 Copies per Milliliter (Panel A) and Fewer Than 50 Copies per Milliliter (Panel B).

All the patients who received a study drug are included (326 in the lopinavir-ritonavir group and 327
in the nelfinavir group). The asterisk denotes P<0.05 and the daggers P<0.001 for the comparison be-
tween the treatment groups. The dashed portions of the curves represent the period before testing at

fewer than 50 copies per milliliter was begun.

because of study drug—related adverse events (7 and
5 patients), and the addition of antiretroviral agents
not allowed in the protocol (1 and 3 patients).

Immunologic Changes

Significant mean increases from base line in the
CD4+ cell count were observed at all visits for each
treatment group. Among 517 patients with CD4+
cell counts at both base line and week 48, similar
mean increases from base line to week 48 were ob-
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served in the lopinavir—ritonavir group and the nel-
finavir group (207 and 195 cells per cubic millimeter,
respectively).

Adverse Events

The most common adverse events of at least mod-
erate severity and with a possible, probable, or un-
known relation to protease inhibitor occurred with
similar frequency in the two treatment groups (Table
3). Diarrhea was the most common adverse event in

www.nejm.org

Downloaded from www.nejm.org on November 14, 2009 . For personal use only. No other uses without permission.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.



LOPINAVIR-RITONAVIR FOR HIV-1 INFECTION

100+
Lopinavir-ritonavir
84%
o 801
2.
s Nelfinavir 66%
S 607
> o
- C
g8
= 404
o 3
(<=
[}
o
20
0 T T T T T 1
0 8 16 24 32 40 48
Week
No. AT Risk
Lopinavir— 297 283 274 269 262 250
ritonavir
Nelfinavir 285 270 244 231 216 204

Figure 2. Kaplan—-Meier Analysis of the Time to the Loss of Virologic Response through Week 48.
P<0.001 for the comparison between the treatment groups, based on the Cox proportional-hazards

model.

both treatment groups. Diarrhea and nausea each
resulted in the interruption or discontinuation of
study drugs in less than 2 percent of patients in both
treatment groups. Adverse events consistent with the
presence of lipodystrophy or lipoatrophy were report-
ed in 5 percent of patients receiving lopinavir—rito-
navir and 6 percent of those receiving nelfinavir. Five
patients receiving lopinavir—ritonavir and three receiv-
ing nelfinavir died. Four deaths were caused by HIV-
associated opportunistic infections or cancers, one by
pneumonia, one by coronary artery disease, and one
by lactic acidosis. These four deaths were considered
unrelated to the study medications. One death due to
pancreatitis was considered possibly related to lopin-
avir—ritonavir; the patient also had lactic acidosis.
New acquired immunodeficiency syndrome (AIDS)-
defining events (Centers for Disease Control and Pre-
vention class C!5) were reported in 2 percent of pa-
tients in each treatment group.

Laboratory Abnormalities

Laboratory measurements were performed without
regard to fasting. Grade 3 or 4 clevations in total cho-
lesterol and in triglycerides were more common in
patients receiving lopinavir—ritonavir than in those
receiving nelfinavir, although the difference was not
statistically significant for total cholesterol (Table 3).
The mean increases from base line to week 48 in total

cholesterol were 53 mg per deciliter (1.37 mmol per
liter) in patients treated with lopinavir—ritonavir and
48 mg per deciliter (1.24 mmol per liter) in those
treated with nelfinavir (P=0.17 for the comparison
between the groups). The mean increases in triglycer-
ides from base line to week 48 were 125 mg per dec-
iliter (1.4 mmol per liter) in patients receiving lopin-
avir—ritonavir and 47 mg per deciliter (0.5 mmol per
liter) in those receiving nelfinavir (P<<0.001 for the
comparison between the groups). No patient discon-
tinued the study because of elevated lipid or amino-
transferase levels.

Viral Resistance

Fifty-eight patients treated with lopinavir—ritonavir
and 102 treated with nelfinavir had at least 400 cop-
ies of HIV RNA per milliliter at week 24, 32, 40, or
48. Samples from 37 of the 58 patients receiving
lopinavir—ritonavir and 76 of the 102 receiving nelfin-
avir could be amplified for resistance testing. None of
the samples from the 37 patients treated with lopin-
avir—ritonavir and 25 of 76 samples from those treat-
ed with nelfinavir (33 percent) had evidence of geno-
typic resistance in HIV protease (P<<0.001). The
absence of resistance to lopinavir in patients treated
with lopinavir—ritonavir was confirmed by phenotypic
analysis, with all isolates demonstrating wild-type
susceptibility. For the 25 nelfinavir-treated subjects
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TABLE 3. MOsT COMMON ADVERSE EVENTS AND GRADE 3 OR 4
LABORATORY ABNORMALITIES. *

LOPINAVIR-
RITONAVIR PLUS  NELFINAVIR PLUS
LAMIVUDINE AND  LAMIVUDINE AND

STAVUDINE STAVUDINE
EVENT OR ABNORMALITY (N=326) (N=327)
no. (%)
Abdominal pain 13 (4.0) 10 (3.1)
Asthenia 13 (4.0) 11 (34)
Headache 8 (2.5) 6 (1.8)
Digestive problems
Diarrhea 51 (15.6) 56 (17.1)
Dyspepsiat 7 (2.1) 1(0.3)
Nausea 22 (6.7) 15 (4.6)
Vomiting 8(2.5) 8(24)
Laboratory abnormalities}
Aspartate aminotransferase or alanine 14 (4.5) 17 (5.2)
aminotransferase >5 times upper
limit of normal
Total cholesterol >300 mg/dl 28 (9.0) 16 (4.9)
Triglycerides >750 mg/dI§ 29 (9.3) 4 (1.3)

*Events listed are of at least moderate severity and of probable, possible,
or unknown relation to protease inhibitor. To convert the value for total
cholesterol to millimoles per liter, multiply by 0.02586; to convert the value
for triglycerides to millimoles per liter, multiply by 0.01129.

1P<<0.05 for the comparison between treatment groups.

tPercentages are based on patients for whom post—base-line values were
available (312 treated with lopinavir—ritonavir and 318 treated with nel-
finavir).

§P<0.001 for the comparison between treatment groups.

with resistance, none of the 24 available correspond-
ing base-line isolates demonstrated resistance. Among
the samples from week 24 through week 48, resistance
to lamivudine was less frequent in patients receiving
lopinavir—ritonavir than in those receiving nelfinavir
(41 percent vs. 82 percent, P<<0.001). There was no
statistically significant difference between the treat-
ment groups in adherence or exposure to viral repli-
cation (mean HIV RNA at base line or time of geno-
typing, mean days of treatment with 400 or more
copies of HIV RNA per milliliter) among patients
with genotypic data.

Adherence

Overall rates of adherence to the active protease-
inhibitor regimens were similar in the treatment
groups, with 86 percent of patients treated with lopin-
avir—ritonavir and 83 percent of those treated with
nelfinavir having overall adherence above 90 percent.
Adherence was strongly associated with treatment re-
sponse, with 89 percent of all those with a response
at week 48 (fewer than 400 copies of HIV RNA per
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milliliter) having overall adherence rates above 90
percent, as compared with 61 percent of those with-
out a response at week 48 (P<<0.001).

DISCUSSION

Protease-inhibitor therapy can greatly reduce HIV-
related morbidity and mortality.* Protease inhibitors
are highly active in vitro, but their activity in vivo is
limited by rapid clearance, resulting in trough levels
that are only one to six times above the EC, of wild-
type virus.$%1¢ Variability among patients in drug
concentrations, particularly trough levels,!”!8 and im-
perfect adherence also reduce the effectiveness of the
antiviral therapy. In order to achieve maximal drug
levels, protease inhibitors must be given often and at
high doses, potentially compromising tolerability and
adherence.!-20 Low trough levels of protease inhibi-
tors significantly increase the risk of clinical failure and
virologic resistance.21-22 More potent protease inhib-
itors with trough concentrations substantially above
the EC;, of wild-type virus would be expected to low-
er rates of viral resistance and improve overall efficacy,
provided there is no increased toxicity.

Pharmacologic enhancement of protease inhibitors
with ritonavir has been widely employed and has been
shown to result in substantial increases in drug con-
centrations.?326 However, with the exception of lopin-
avir—ritonavir, systematic dose-ranging and prospec-
tive, randomized, controlled trials have generally not
been conducted for these regimens. In this study,
lopinavir—ritonavir showed greater efficacy than nel-
finavir, according to analyses of the proportion of
patients with fewer than 400 or fewer than 50 copies
of HIV RNA per milliliter at week 48 and the pro-
portion of patients with a virologic response that
persisted through 48 weeks. This improvement was
achieved with similar rates of adherence and low rates
of study drug—related withdrawals in both treatment
groups. The overall response rates observed in the
lopinavir—ritonavir group compared favorably with
those observed in other randomized clinical trials of
highly active antiretroviral therapy.?”-3° The response
seen in the nelfinavir group was similar to that pre-
viously reported for this drug.3!33 Differences in the
frequency of administration of nelfinavir and lopin-
avir—ritonavir are unlikely to have contributed to the
difference in response rates, since the adherence rates
were similar in both treatment groups. Furthermore,
previous clinical trials comparing nelfinavir given ei-
ther twice daily or three times daily have shown no
significant differences in response rates.3233 These ob-
servations suggest that the superior response seen in
the patients treated with lopinavir—ritonavir reflected
improved antiviral activity and not differences in dos-
age or adherence.

Additional important considerations in antiretrovi-
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ral therapy are the risks and consequences of treatment
failure. Significantly more patients had viral rebound
and discontinued treatment because of virologic failure
in the nelfinavir group than in the lopinavir—ritonavir
group. In addition, the consequences of detectable
viral load differed in the two treatment groups, in that
patients with 400 or more copies of HIV RNA per
milliliter were significantly more likely to have pro-
tease-inhibitor resistance in the nelfinavir group than
in the lopinavir—ritonavir group (33 percent vs. 0 per-
cent). The higher rate of resistance to lamivudine and
the development of HIV-protease mutations in nel-
finavir-treated patients may also undermine the re-
sponse to subsequent treatment regimens.3+

The double-blind, placebo-controlled design of
this study may have resulted in a smaller difference
in dropout rates between the groups than in other
recent studies of antiretroviral therapy3® and mini-
mized the potential for bias in the reporting of adverse
events. Both regimens were well tolerated, with 3.4
percent of patients receiving lopinavir—ritonavir and
3.7 percent of nelfinavir-treated patients discontinu-
ing the study because of study drug—related adverse
events. Diarrhea and nausea were the most common
adverse events. Laboratory abnormalities were also in-
frequent, although the incidence of grade 3 or 4 tri-
glyceride elevations was greater in the lopinavir—riton-
avir group. These results must be interpreted with
caution, since specimens were obtained without re-
gard to fasting. Grade 3 or 4 triglyceride elevations
were not associated with acute clinical events. How-
ever, longer follow-up will be necessary to determine
the clinical significance of elevations in lipid levels,
especially as they relate to cardiovascular morbidity
and mortality. The incidence of lipodystrophy or lipo-
atrophy was low and was similar in the two treatment
groups. However, because these changes can take
longer than 48 wecks to develop, the relative long-
term rates remain unknown.

Successtul antiviral therapy requires adequate drug
potency, good tolerability, and a high barrier to re-
sistance. Pharmacologic improvements in the admin-
istration of protease inhibitors are likely to provide
more sustained clinical benefit. When antiretroviral
therapy is selected for patients not previously treated
with antiretroviral drugs, the balance among antiret-
roviral activity, immunologic recovery, and short- and
long-term toxicity must be determined for each pa-
tient individually. The findings from this trial show the
benefits of therapy with lopinavir—ritonavir, as dem-
onstrated by its superior antiviral activity in compar-
ison with that of nelfinavir and its continued tolerabil-
ity and high barrier to resistance. These characteristics
suggest an important role for lopinavir—ritonavir as
an initial protease inhibitor—based treatment for HIV
infection.
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