
S
l
a
(

P
J
R
a

b

c

d

e

f

g

h

i

j

k

l

m

n

o

a

A
R
R
1
A

K
E
L
K
R
E
T

0
d

Antiviral Research 85 (2010) 403–408

Contents lists available at ScienceDirect

Antiviral Research

journa l homepage: www.e lsev ier .com/ locate /ant iv i ra l

imilar antiviral efficacy and tolerability between efavirenz and
opinavir/ritonavir, administered with abacavir/lamivudine (Kivexa®), in
ntiretroviral-naïve patients: A 48-week, multicentre, randomized study
Lake Study)

. Echeverríaa,∗, E. Negredoa, G. Carosib, J. Gálvezc, J.L. Gómezd, A. Ocampoe, J. Portilla f, A. Prietog,
.C. Lópezh, R. Rubio i, A. Mariño j, E. Pedrolk, C. Viladés l, A. del Arcom, A. Morenon, I. Bravoa,
. López-Blazqueza, N. Pérez-Alvareza,o, B. Cloteta

Fundació Lluita contra la SIDA, Hospital Universitari Germans Trias i Pujol, Ctra de Canyet, s/n, 08916 Badalona, Barcelona, Spain
Hospital de Brescia, Italy
Hospital Virgen Macarena, Sevilla, Spain
Hospital Universitario de Canarias, Spain
Hospital Xeral de Vigo, Spain
Hospital General de Alicante, Spain
Hospital Clínico Universitario de Santiago, Spain
Hospital Gregorio Marañón, Madrid, Spain
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a b s t r a c t

Background: Although efavirenz and lopinavir/ritonavir(r) are both recommended antiretroviral agents
in antiretroviral-naïve HIV-infected patients, there are few randomized comparisons of their efficacy and
tolerability.
Methods: A multicenter and randomized study was performed including 126 antiretroviral-naïve patients,
randomly assigned to efavirenz + Kivexa® (n = 63) or lopinavir/r + Kivexa® (n = 63). Efficacy endpoints
were the percentage of patients with HIV-RNA ≤50 copies/mL at week 48 and CD4 recovery. Safety
was assessed by comparing toxicity and discontinuations. Statistical analyses were performed on an
intention-to-treat (ITT) basis (Missing = Failure).
Results: At week 48, 56.7% of patients in the efavirenz and 63.2% in the lopinavir/r groups showed HIV-1
RNA <50 copies/mL (P = 0.770) (intention-to-treat analysis; Missing = Failure). Only 1 (1.53%) patient from
each group experienced virological failure. CD4 values increased in both groups (298 cells in the efavirenz
group, P = 0.001; 249 cells in the lopinavir/r group, P = 0.002; P = 0.126 between groups). HDL-cholesterol
only increased in the efavirenz group (from 39 ± 12 mg/dL to 49 ± 11; P = 0.001). Discontinuations were
more frequent in the lopinavir/r group (36.5% versus 28.5%; P = 0.193), but more patients with efavirenz

interrupted due to toxicity (11.1% versus 6.3%); most of them were attributed to hypersensitivity reaction.
Conclusions: Similar virological efficacy was observed for efavirenz and lopinavir/r, when administered

viral-
with Kivexa® in antiretro

for efavirenz. The higher rate
higher incidence of hypersens
and the HLA-B*5701 genotype
regimens.
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naïve patients, while immunological improvement was slightly superior

of discontinuation due to toxicity in the efavirenz group was related to a
itivity reaction. Nowadays, the use of the new formulation of lopinavir/r
test before starting abacavir should improve the safety profiles of these
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. Introduction

The introduction of highly active antiretroviral therapy (HAART)
as profoundly altered both the course and prognosis of HIV-

nfection. After 1996, the availability of protease inhibitors (PI)
ransformed HIV-infection from a progressive and almost uni-
ormly fatal condition to a treatable chronic infection.

Choosing an initial antiretroviral regimen is one of the most
mportant decisions faced by clinicians managing HIV disease. Sev-
ral antiretroviral combinations have proven sufficiently potent to
chieve viral suppression in most treated patients. However, main-
aining efficacy depends on other factors, such as the durability of
ntiviral suppression, tolerability, risk of long-term toxicity, and
atient convenience. Based on these considerations and on the
esults of several trials (Allavena et al., 2005; De luca et al., 2006),
nternational treatment guidelines recommend regimens contain-
ng two nucleoside reverse transcriptase inhibitors (NRTIs) and

ritonavir-boosted PI or a non-nucleoside reverse transcriptase
nhibitor (NNRTI) in treatment-naïve patients. More specifically,
he 2008 European guidelines for antiretroviral management
onsider a regimen based on lopinavir/ritonavir (lopinavir/r) or
favirenz to be one of the first-line choices for HIV-infected
ntiretroviral-naïve patients (EACS, 2008).

To date, lopinavir/r is one of the PIs of choice because of its
igh antiviral potency, long durability, low risk of resistance, and its
cceptable tolerance. Efavirenz is the recommended NNRTI because
f its low pill burden, which makes adherence easier, and the
igh number of patients who achieve viral suppression (EACS,
008). In addition, combinations based on efavirenz and boosted
Is have shown favourable immunological and clinical outcomes
n deeply immunosuppressed antiretroviral-naïve HIV-1-infected
atients (Domingo et al., 2008; Tashima et al., 2008; Pulido et al.,
004; Arribas et al., 2002).

However, the number of subjects maintaining viral suppression
year after starting triple therapy probably decreases when we

onsider patients outside clinical trials. Most of the patients who
xperience virological failure will be able to re-establish viral con-
rol with a subsequent regimen, although viral suppression can
e progressively more difficult to achieve and the accumulation
f mutations reduces the number of future therapeutic options.
herefore, it is important to monitor those factors that predict
esponse to treatment from the outset, particularly the complexity
f the regimen and tolerability, both of which are associated with
ong-term adherence (Tashima et al., 2008).

Published data have directly compared efavirenz and lopinavir/r
n antiretroviral-naïve patients (Allavena et al., 2005; De luca et al.,
006; Domingo et al., 2008; Tashima et al., 2008; Pulido et al., 2004;
artlett et al., 2001; Manfredi et al., 2004; Riddler et al., 2008; Torti
t al., 2005), but the controversies arising from recent results on
favirenz and lopinavir/r should be addressed by analyzing virolog-
cal outcome, resistance, and long-term toxicity with these agents
Riddler et al., 2008).

We designed a head-to-head randomized study to evaluate
he long-term efficacy and safety of two potent antiretroviral
ombinations composed of efavirenz or lopinavir/r plus aba-
avir/lamivudine (Kivexa®) in antiretroviral-naïve patients.

. Methods

.1. Study design and participants
This was a prospective randomized multicenter study with 48
eeks of follow-up conducted in 19 centers in Spain (18) and Italy

1) (NCT00318123). The inclusion period was from March 2005 to
arch 2006.
earch 85 (2010) 403–408

To be included, patients had to be HIV-1-infected, aged 18 years
or above, antitretroviral-naïve, with no history of a recent oppor-
tunistic infection (<4 weeks) or immunomodulating agents before
baseline.

The institutional review board at each site approved the study
and all the patients provided written informed consent before
screening.

2.2. Randomization, follow-up, and assessment

Patients were randomly assigned in a ratio of 1:1 to
receive oral treatment with efavirenz (EFV) (600 mg) + abacavir
(600 mg)/lamivudine (300 mg) (Kivexa®) once daily (efavirenz
group) or lopinavir (400 mg, 3 capsules)/ritonavir (100 mg) twice
daily plus Kivexa® once daily (lopinavir/r group). HLA-B*5701 test
was not determined at baseline (genetic test was not easily avail-
able at that time).

Patients were assessed at week 4 and every 3 months
thereafter until week 48 for virological and immunological
response. Viral suppression was defined as a plasma viral load
of less than 50 copies/mL. Virological failure was defined as the
non-achievement of viral suppression at week 24 (viral load
>50 copies/mL) or if, during the follow-up, a patient who had pre-
viously achieved viral suppression presented a confirmed viral
load above ≥50 copies/mL. HIV-RNA was determined using the
AMPLICOR HIV-1 MONITOR Test, v 1.5 (Roche Diagnostic, Basel,
Switzerland).

Lipid and hepatic changes, adverse reactions, and reasons for
discontinuation were also recorded at the same time points to
assess safety. The lipid profile included determination of total, LDL-,
and HDL-cholesterol and triglyceride levels, and liver function test-
ing included transaminase levels (aspartate aminotransferase and
alanine aminotransferase). Changes in body fat distribution were
recorded by questionnaire self-report throughout the 48 weeks of
the study, as was the severity of these changes.

Adverse events were classified according to the definitions
of the World Health Organization (WHO). Reasons for discon-
tinuation were classified as follows: virological failure, adverse
events (grades I and II or III and IV), hypersensitivity reaction,
death, or any other cause (voluntary discontinuation, simplifica-
tion, etc.).

2.3. Outcome measures

The primary efficacy endpoint was the percentage of respon-
ders, that is, a patient who completed 48 weeks of study with the
assigned treatment and maintained a viral load ≤50 copies/mL.

The secondary efficacy endpoints were the percentage of
patients who experienced a virological failure and changes in CD4
cell count at week 48.

The percentage of patients with a viral load of less than
50 copies/mL at week 48 was also analyzed depending on whether
the baseline CD4 cell count was greater or less than 200 cells/�L or
whether viral load was greater or less than 100,000 copies/mL.

The proportion of patients who achieved a CD4 cell count
≥200 cells/�L at week 48 was analyzed in those patients who
showed a baseline CD4 cell count below 200 cells/�L and did not
experience virological failure.

Changes in lipid and hepatic parameters at week 48 from base-
line, the percentage of patients with serious (grades III and IV)
adverse events, and the percentage of patients who discontin-

ued the study throughout 48 weeks of follow-up were safety
endpoints.

The time to treatment failure, defined as time to virological fail-
ure or treatment discontinuation for any reason, was also compared
between both regimens.
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Table 1
Baseline patient and HIV-related characteristics.

Characteristics Efavirenz (n = 63) Lopinavir/r (n = 63)

Age (years)a 39 (±8.45) 37 (±9.41)
Gender (male) (%) 86 86.8
CDC category C (%) 7.3 7.7
CD4 cells count/�La 193 (±122) 191 (±127)
CD4 <200 cells/�L (%) 42.8 38.1
CD4 cells count/�L nadira 136 (±248.5) 211 (±272)
Viral load (copies log/mL)a 258,528 (±741,163) 194,524 (±286,979)
Viral load >100,000 copies/mL (%) 38.1 39.7

Risk behavior (%)
Homosexual relations 47.3 38.9

Lipid profile
Total cholesterol (mg/dL)a 157 (±35) 149 (±31.6)
HDL-cholesterol (mg/dL)a 39 (±11.5) 41 (±29.7)
LDL-cholesterol (mg/dL)a 94 (±33) 97 (±22.4)

Transaminases
AST (U/L)a 33 (±20.4) 37 (±29.7)
ALT (U/L)a 33 (±26.3) 47 (±51.1)
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in the efavirenz group, while only an increase in total cholesterol
LT, aspartate aminotransferase; AST, aspartate aminotransferase; HDL, high-
ensity lipoprotein; LDL, low-density lipoprotein.
a Expressed as mean (±SD).

.4. Statistical analysis

The sample size was calculated with 78% power and 95%
onfidence to demonstrate equivalence between treatments con-
idering an equivalence range of 0.2. The proportion of patients
ith undetectable viral load was estimated from previous stud-

es to be 0.8. To allow for a 5% of lost of follow-up, a total of 126
atients were evaluated, the patients were equally allocated in the
reatment groups.

The summary of quantitative variables was expressed either as
he mean and standard deviation or as the median and interquar-
ile range (IQR); frequencies and percentages were given for the
ualitative variables.

The continuous variables were compared with Student’s t-
est for variables with a normal distribution and with the

ann–Whitney U-test for variables with an abnormal distribution.
o assess significance in changes observed over time the Wilcoxon
igned rank test was performed. For discrete variables, Chi-Square
r Fisher’s exact tests (as appropriate) were used.

Patients who were lost during follow-up were excluded from the
n-treatment analysis; for the main outcome an intention-to-treat
nalysis was performed, considering Missing = Failure.

Distribution of values for time to treatment failure was assessed
sing the survival curves by Kaplan–Meier’s method. Difference
etween curves was evaluated by means of the log-rank test.

Statistical analysis was performed with the SPSS 15.0 program
SPSS, Inc., Chicago IL, USA).

. Results

Of the 126 antiretroviral-naïve patients who underwent ran-
omization, 63 were assigned to the efavirenz group and 63 to the

opinavir/r group.
No significant differences in epidemiological and HIV-related

haracteristics were seen between the groups (Table 1). Overall,
6.4% of patients were male and the median age was 37 ± 9 years.
he most common route of HIV transmission was homosexual

elations (43.1%) and the median time from HIV diagnosis was
0.9 ± 57.9 months. There were no differences between the groups
or baseline CD4 cell count, viral load, or HIV clinical stage.

Fig. 1 shows the patients’ enrollment and outcomes.
earch 85 (2010) 403–408 405

3.1. Virological outcome

The percentage of responders was similar between the two
treatment groups, with no significant differences at week 48;
the study was completed by 87% and 91.3% of patients with
HIV-RNA < 50 copies/mL in the efavirenz and lopinavir/r groups,
respectively (P = 0.382) (OT analysis) (Fig. 2A). The proportions
of patients with HIV-1 RNA < 50 copies/mL at week 48 in the
intention-to-treat analysis (Missing = Failure) were 56.7% in the
efavirenz group and 63.2% in the lopinavir/r group (P = 0.770).

Only 1 (1.53%) patient from each group experienced virologi-
cal failure. The patient from the efavirenz group failed at week 36
and genotyping revealed the K103N, V179E, and M184V mutations
in the transcriptase gene and the L33I mutation in the protease
gene. The patient from the lopinavir/r group showed a virological
rebound at week 48 with the presence of M46L and L63P mutations
in the protease gene with no mutations in the transcriptase gene.

The proportion of patients who achieved viral suppression
was equal when we considered baseline CD4+ T-cell counts
in subjects from the lopinavir/r group (66.7% for those with
>200 cells/�L and 66.7% for those with <200 cells/�L achieved
RNA-1 <50 copies/mL; P = 1.000); in the efavirenz group, the pro-
portion of subjects with RNA-1 <50 copies/mL was lower when
patients started therapy while more severely immunosuppressed
(75% for those with >200 cells/�L and 51.9% for those with
<200 cells/�L, although these differences were not statistically
significant (P = 0.074) (Fig. 2B). Between groups, no statistically sig-
nificant differences were found when subjects with baseline CD4+
T-cell counts <200 cells/�L (P = 0.276) and >200 cells/�L were com-
pared (P = 0.526; ITT analysis).

The same was true when we compared the proportions
considering baseline plasma viral load <100,000 copies/mL (56%
in efavirenz and 72.2% in lopinavir/r groups achieved RNA-
1 < 50 copies/mL, P = 0.263) or >100,000 copies/mL (70.8% in the
efavirenz group and 64% in the lopinavir/r group, P = 0.609).

There was no significant difference in time to treatment fail-
ure between the efavirenz group (40.9 ± 2.04 weeks) and the
lopinavir/r group (43.6 ± 1.85 weeks) (P = 0.491) (Fig. 4).

3.2. Immunological outcome

Significant increases in CD4 cell counts over 48 weeks were
seen for both study arms. In the efavirenz group, the CD4
cell count improved from 193 cells/�L (±122) to 491 (±244)
(P = 0.001) and, in lopinavir/r group, from 191 cells/�L (±127)
to 440 (±240) (P = 0.002), without significant difference between
groups (P = 0.126) (Fig. 3).

Considering the 51 patients (27 in the efavirenz group and
24 in the lopinavir/r group) who presented a CD4+ T-cell count
<200 cells/�L at baseline, 60.7% (55.5% and 66.6%, respectively;
P = 0.634) achieved a CD4+ T-cell count >200 cells/�L at week 48
(Fig. 3).

3.3. Efficacy

There were no significant changes in liver enzymes in either
group.

Regarding lipid metabolism, a significant increase in total
cholesterol (from 157 ± 35 mg/dL to 205 ± 28, P = 0.001) and HDL-
cholesterol (from 39 ± 12 mg/dL to 49 ± 11, P = 0.001) was observed
(from 149 ± 31 mg/dL to 193 ± 46, P = 0.001) was seen in patients
receiving lopinavir/r at week 48.

Overall, only one participant (0.79%, lopinavir/r group) notified
clinically evident body fat changes (moderate lipodystrophy).
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Fig. 1. Flow diagram show

Treatment discontinuation occurred in 41 (32.5%) patients, 23
36.5%) from lopinavir/r group and 18 (28.5%) from efavirenz group
p = 0.193). A total of 17.4% of participants discontinued the study
y the emerging of adverse events: 14 subjects (11.1%) belonged
o efavirenz group, 6 of them (42.8%) discontinued due to a hyper-
ensitivity reaction/rash; 8 (6.3%) patients discontinued the study
reatment due to toxicity in the lopinavir/r group, 2 due to hyper-
ensitivity (Fig. 1). Adverse events occurred most frequently during
he first 2 weeks of therapy.

HLA-B*5701 genotype test was only retrospectively determined
n four patients with hypersensitivity reaction from efavirenz
roup, being positive only in one case.

No deaths were reported during the study.
. Discussion

Data comparing lopinavir/r- and efavirenz-based regimens are
carce and controversial, although both regimens are recom-
ended as the first choice for initial antiretroviral therapy (De
e randomization process.

luca et al., 2006; EACS, 2008; Domingo et al., 2008). Therefore,
this prospective and randomized study aimed to provide a head-to-
head comparison to evaluate the efficacy and safety of two potent
antiretroviral combinations based on efavirenz or lopinavir/r. Our
results in 126 antiretroviral-naïve patients reveal comparable
antiviral efficacy over 48 weeks for both agents when combined
with abacavir/lamivudine (Kivexa®) as first-line antiretroviral reg-
imens. However, although the rate of discontinuations was higher
in patients receiving lopinavir/r, more patients from the efavirenz
group discontinued therapy early due to adverse reactions, mostly
hypersensitivity reactions.

Virological data from studies comparing efavirenz or lopinavir/r
with other strategies highlight their intrinsic potency, even in
severely immunosuppressed subjects (Bartlett et al., 2007; Arribas

et al., 2002). However, the ACTG 384 study was one of the first stud-
ies to demonstrate the superiority of efavirenz over a non-boosted
PI (nelfinavir) in antiretroviral-naïve HIV-1-infected patients (Dubé
et al., 2005). Later, other studies supported these results in simi-
lar populations with the same and other PIs (De luca et al., 2006;
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tance to efavirenz, while no drug-resistance mutations to protease
ig. 2. Percentage of patients with VIH RNA <50 copies/mL during the study (on-
reatment analysis). Percentage of patients with VIH RNA <50 copies/mL at week 48
ccording to the baseline CD4 cell count.

omingo et al., 2008; Pulido et al., 2004; Manfredi et al., 2004;
riedl et al., 2001; Molina et al.). Nonetheless, all these studies com-
ared efavirenz with a first-generation, non-ritonavir-boosted PI,
uch as indinavir, nelfinavir, or saquinavir, whose antiviral potency
as shown to be lower than that of ritonavir-boosted PIs, specifi-

ally lopinavir/r. To date, only one recently published study (ACTG
142) has directly compared efavirenz and lopinavir/r in a ran-
omized trial (Riddler et al., 2008). The results at week 96 show a
igher rate of virological response with efavirenz than lopinavir/r
89% versus 77%, P = 0.003), as well as a significantly longer time
o virological failure and to treatment failure with efavirenz. The
umber of responders at 48 weeks of follow-up from our study
as lower for both study drugs than those observed in ACTG 5142

t 96 weeks, probably because of our stricter statistical analysis

Missing = Failure) considering the relatively small group. In addi-
ion, it is noteworthy that our data do not support the superiority
f efavirenz over lopinavir/r observed in ACTG 5142 with respect
o virological response and time to regimen failure.

Fig. 3. Mean CD4 cells/�L througho
Fig. 4. Time to treatment failure. Kaplan–Meier curves illustrating the percentage
of patients with treatment failure according to treatment study: efavirenz (broken
line) or lopinavir/ritonavir (continuous line).

Data from the Castle study, which compared lopinavir/r with
atazanavir/r, showed a lower virological response at week 96 with
lopinavir/r when patients presented a poorer immunological status
at baseline (Molina et al.). Our results do not show statistical differ-
ences between the drugs with respect to antiviral efficacy in more
severely immunodepressed patients. In fact, the efavirenz-based
regimen showed a less potent virological response in patients who
were more immunosuppressed when they started therapy, though
this was not statistically significant.

The results from ACTG 5142 showed a greater increase in
CD4 cell count in the lopinavir/r group than in the efavirenz
group (P = 0.01) at week 96, although there were no differences at
week 48 (Riddler et al., 2008). A more pronounced, but not sta-
tistically significant, recovery in CD4 count was attained in the
efavirenz-treated patients, whereas a slightly higher proportion of
more immune depressed patients who started lopinavir/r achieved
>200 T cells/�L at week 48 with respect to those from the efavirenz
group (not statistically significant).

In confirmation of previous data on the emergence of resistance,
only the patient who presented a virological failure during the
efavirenz-based regimen showed mutations that conferred resis-
inhibitors appeared in the patient whose lopinavir/r regimen failed.
These data, which were also observed in ACTG 5142 (Riddler et
al., 2008), highlight the high genetic barrier of ritonavir-boosted
PIs and their preserved antiviral efficacy after a virological failure.

ut the study in both groups.
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Efficacy and tolerability of long-term efavirenz plus nucleoside reverse tran-
scriptase inhibitors for HIV-1 infection. AIDS 22, 275–279.
08 P. Echeverría et al. / Antivi

n these cases, adherence should be improved before treatment
hanges are recommended.

One-third of the participants discontinued treatment for differ-
nt reasons, although, less than 12% of these discontinuations were
elated to toxicities. A slightly higher number of patients in the
opinavir/r group early interrupted the study. More participants
rom the efavirenz-treated group, however, stopped therapy due
o toxicity; most of these cases were attributed to hypersensitiv-
ty reactions. The higher incidence of hypersensitivity reaction in
ubjects receiving the efavirenz-containing combination was the
nly unexpected result with respect to toxicity, although this find-
ng has been suggested elsewhere. This could be explained because
oth abacavir and efavirenz can induce hypersensitivity. Around 5%
f cases who started abacavir before the current availability of the
enetic test (HLA-B*5701) presented a potentially life-threatening
ypersensitivity syndrome (Phillips et al., 2005). Genetic factors

nfluencing the immune response to some drugs, such as abacavir
r NNRTIs, might confer susceptibility. Within an entire abacavir
xposed cohort, the presence of HLA-B*5701, HLA-DR7, and HLA-
Q3 had a positive predictive value for hypersensitivity of 100%,
nd a negative predictive value of 97%. Therefore, the determination
f HLA-B*5701 before starting abacavir has significantly reduced
he incidence of hypersensitivity reactions and the rate of ther-
py discontinuations for this reason (Mallal et al., 2002, 2008). The
esults of our trial would have been much better if the genetic test
ad been available at that time, and there would have been fewer
ypersensitivity-related discontinuations, mainly in the efavirenz
roup.

No unexpected data on lipid profile were found in the study.
more favourable lipid profile was observed in patients receiving

favirenz than in those receiving lopinavir/r due to the higher HDL-
holesterol levels achieved. In general, NNRTI-based combinations
re associated with a more favourable lipid profile than PI-based
herapies. Data on the benefit of efavirenz for HDL-cholesterol have
lready been published by our and other groups (Negredo et al.,
004).

No objective data on changes in body fat distribution were col-
ected during the study; however, at least after 48 weeks of follow-
p, only one patient had reported any changes with any regimen.

In conclusion, in spite of the limited sample size and short
ollow-up, this is the first randomized trial to compare both rec-
mmended antiretroviral regimens as first-line choices for the
reatment of chronically HIV-infected patients using the same
ucleoside backbone in both groups, Kivexa®. This exploratory
nalysis suggests similar virological effectiveness for efavirenz
nd lopinavir/r at 48 weeks, while slightly better immunological
mprovement was observed with efavirenz. The higher rate of dis-
ontinuations due to adverse events in the efavirenz group was
ainly attributed to a higher incidence of hypersensitivity reaction

elated to the simultaneous use of abacavir and efavirenz. The use
f the new formulation of lopinavir/r and the HLA-B*5701 geno-
ype test before starting abacavir should improve the safety profile
f these regimens.
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