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Once-daily atazanavir/ritonavir versus twice-daily 
lopinavir/ritonavir, each in combination with tenofovir 
and emtricitabine, for management of antiretroviral-naive 
HIV-1-infected patients: 48 week effi  cacy and safety results 
of the CASTLE study
Jean-Michel Molina, Jaime Andrade-Villanueva, Juan Echevarria, Ploenchan Chetchotisakd, Jorge Corral, Neal David, Graeme Moyle, 
Marco Mancini, Lisa Percival, Rong Yang, Alexandra Thiry, Donnie McGrath, for the CASTLE Study Team*

Summary 
Background Atazanavir/ritonavir is as eff ective as lopinavir/ritonavir, with a more favourable lipid profi le and less 
gastrointestinal toxicity, in treatment-experienced HIV-1-infected patients. We compared these two combinations 
directly in treatment-naive patients.

Methods In this open-label, international non-inferiority study, 883 antiretroviral-naive, HIV-1-infected patients were 
randomly assigned to receive atazanavir/ritonavir 300/100 mg once daily (n=440) or lopinavir/ritonavir 400/100 mg 
twice daily (n=443), in combination with fi xed-dose tenofovir/emtricitabine 300/200 mg once daily. Randomisation 
was done with a computer-generated centralised randomisation schedule and was stratifi ed by baseline levels of HIV 
RNA (viral load) and geographic region. The primary endpoint was the proportion of patients with viral load less than 
50 copies per mL at week 48. The main effi  cacy analysis was done by intention to treat. This trial is registered with 
ClinicalTrials.gov, number NCT00272779.

Findings At week 48, 343 (78%) of 440 patients receiving atazanavir/ritonavir and 338 (76%) of 443 patients receiving 
lopinavir/ritonavir had achieved a viral load of less than 50 copies per mL (diff erence 1·7%, 95% CI –3·8 to 7·1). Mean 
increases from baseline in CD4 cell count were similar (203 cells per µL in the atazanavir/ritonavir group vs 219 cells 
per µL in the lopinavir/ritonavir group). 25 (6%) patients in the atazanavir/ritonavir group and 26 (6%) in the lopinavir/
ritonavir group were virological failures by week 48. Only two patients, both in the atazanavir/ritonavir group, had 
non-polymorphic protease inhibitor resistance mutations emerge on treatment, which conferred phenotypic resistance 
to atazanavir in one patient. Serious adverse events were noted in 51 (12%) of 441 patients in the atazanavir/ritonavir 
group and in 42 (10%) of 437 patients in the lopinavir/ritonavir group. Fewer patients in the atazanavir/ritonavir group 
than in the lopinavir/ritonavir group experienced grade 2–4 treatment-related diarrhoea (10 [2%] vs 50 [11%]) and 
nausea (17 [4%] vs 33 [8%]). Grade 2–4 jaundice was seen in 16 (4%) of 441 patients in the atazanavir/ritonavir group 
versus none of 437 patients in the lopinavir/ritonavir group; grade 3–4 increases in total bilirubin were seen in 
146 (34%) of 435 patients on atazanavir/ritonavir and in one (<1%) of 431 patients on lopinavir/ritonavir.

Interpretation In treatment-naive patients, atazanavir/ritonavir once-daily demonstrated similar antiviral effi  cacy to 
lopinavir/ritonavir twice-daily, with less gastrointestinal toxicity but with a higher rate of hyperbilirubinaemia. 

Funding Bristol-Myers Squibb.

Introduction
Since the introduction of combination highly active 
antiretroviral therapy (HAART), there have been dramatic 
reductions in HIV-1-related morbidity and mortality in 
the developed world.1,2 While antiretroviral treatment 
strategies for HIV-infected patients continue to evolve, 
protease inhibitors (PIs) remain a cornerstone of HAART 
because of their recognised potency and high genetic 
barrier to antiretroviral resistance.3

Most current international guidelines recommend 
ritonavir-boosted PIs, including fi xed-dose lopinavir/
ritonavir and atazanavir, as preferred, or alternative 
third-agent HIV medications for the initiation of 

HAART in antiretroviral-naive patients.4–6 The choice of 
drugs is governed by consideration of effi  cacy and 
assessment of diff erences among treatment options in 
terms of dosing convenience, tolerability, and 
longer-term safety concerns.7–9 For PI therapy, 
gastrointestinal tolerability and lipid profi le are key 
considerations. Gastrointestinal intolerability is an 
established risk for treatment failure10 and PI-associated 
dyslipidaemia partly explains the increase in the risk 
for myocardial infarction observed in patients on 
HAART.3,4,7,11–13

Atazanavir is a potent once-daily PI with proven effi  cacy 
in both treatment-experienced and treatment-naive 
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patients.14–18 It has a favourable impact on lipids in 
treatment-naive patients19 and, even when boosted with 
ritonavir, results in better lipid profi les and improved 
gastrointestinal tolerability compared with lopinavir/
ritonavir in treatment-experienced patients.4,17 The aim of 
the 96-week CASTLE study (BMS AI424138) is to examine 
the comparative clinical effi  cacy of once-daily atazanavir/
ritonavir and twice-daily lopinavir/ritonavir, both given 
in combination with once-daily, fi xed-dose tenofovir and 
emtricitabine, in treatment-naive HIV-1-infected patients. 
Here, we report the 48-week primary effi  cacy and safety 
results of this study.

Methods
Participants
Patients were recruited from centres at 134 sites in 
29 countries from November, 2005, through June, 2006, 
and were eligible for enrolment if they were infected with 
HIV-1, aged 18 years or older, naive to antiretroviral 
therapy (<1 week previous antiretroviral exposure, except 
in setting of post-exposure prophylaxis or prevention of 
mother-to-child transmission, in which case <6 weeks of 
previous antiretroviral exposure was allowed), and had 
HIV-1 RNA of 5000 copies per mL or greater. 

The study was done in accordance with Good Clinical 
Practice and the ethical principles in the Declaration of 
Helsinki. At each study site, the protocol, amendments, 
and informed consent received approval by the 
institutional review board/independent ethics committee 
before initiation. 

Procedures
In this open-label, multicentre non-inferiority study, 
patients were randomly assigned in a one to one ratio to 
receive either atazanavir 300 mg (two 150 mg capsules) 
plus ritonavir 100 mg (one capsule) once daily, or 
fi xed-dose lopinavir/ritonavir 400/100 mg (three 
133/33·3 mg capsules [fi xed-dose, soft-gel formulation]) 
twice daily, each given with tenofovir/emtricitabine 
300/200 mg (one tablet) once daily. Throughout the fi rst 
48 weeks of the study, the protocol required patients to 
receive the capsule formulation of lopinavir/ritonavir. 
Randomisation was done with a computer-generated 
centralised randomisation schedule and was stratifi ed by 
HIV RNA level at enrolment (<100 000 or ≥100 000 copies 
per mL) and geographic region (Africa, Asia, Europe, 
North America, South America).

Patients were assessed at screening, at day 1 (baseline), 
and at weeks 2, 4, 12, 24, 36, and 48, or at early termination. 
Resistance testing was done at baseline and during the 
study in any patient with a 0·5 log increase in HIV RNA 
from a previous scheduled HIV RNA test at week 12 or 
thereafter and who had a confi rmatory HIV RNA of 
400 copies per mL or greater, and in any patient with an 
HIV RNA of 400 copies per mL or greater at week 24 or 
anytime thereafter. Results of baseline resistance testing 
were not used to determine study eligibility since 

resistance testing was not standard of care at the time of 
study initiation; samples were batched and not run in 
real time and were therefore not available to investigators 
at the time of screening. 

Figure 1: Trial profi le 
*Three patients erroneously received atazanavir/ritonavir.

1057 assessed for eligibility

883  randomised

174 excluded
        133 no longer meet
                 study criteria
           17 withdrew consent
             3 pregnancies
             1 adverse event
           12 other
             6 lost to follow-up
             1 administrative reason
             1 non-compliance

440 allocated to atazanavir/ritonavir
         438 received intervention
                2 never received drug

39 discontinued by week 48
      10 adverse event
        4 death
        5 lack of efficacy
        6 lost to follow-up
        6 poor/non-compliance
        4 withdrew consent
        2 pregnancy
        1 no longer met study criteria
        1 other reason
 14 discontinued on or after week 48     
        1 adverse event
        1 death
        7 lack of efficacy
        2 poor/non-compliance
        1 pregnancy
        2 no longer met study criteria    

  

443 allocated to lopinavir/ritonavir
         440 received intervention* 
               3 never received drug

368 continuing treatment385 continuing treatment

58 discontinued by week 48
      14 adverse event
        4 death
        8 lack of efficacy
        6 lost to follow-up
        9 poor/non-compliance
      13 withdrew consent
        2 pregnancy
        2 other reasons
  14 discontinued on or after week 48
        1 adverse event
        1 death
        1 lack of efficacy
        3 lost to follow-up
        2 poor/non-compliance
        2 withdrew consent
        2 pregnancy
        2 no longer met study criteria

Atazanavir/ritonavir 
(N=440)

Lopinavir/ritonavir 
(N=443)

Overall 
(N=883)

Age (years) 34 (19–72) 36 (19–71) 35 (19–72)

Sex (female) 138 (31%) 139 (31%) 277 (31%)

CDC Class C AIDS 19 (4%) 24 (5%) 43 (5%)

HIV RNA (log10 copies per mL) 5·01 (2·60–5·88) 4·96 (3·32–5·88) 4·98 (2·60–5·88)

HIV RNA ≥100 000 copies per mL 225 (51%) 208 (47%) 433 (49%)

CD4 cell count (cells per µL) 205 (2–794) 204 (4–810) 205 (2–810)

CD4 count <50 cells per µL 58 (13%) 48 (11%) 106 (12%)

HBV positive 24 (5%) 20 (5%) 44 (5%)

HCV positive 40 (9%) 33 (7%) 73 (8%)

HIV subtype B 280 (67%) 276 (65%) 556 (66%)

Data are n (%) or median (range).

Table 1: Baseline characteristics of the as-randomised patients
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At all patient visits (except week 2), vital signs and 
samples for plasma HIV RNA, CD4 cell count, and 
laboratory tests (serum chemistry and haematology, 
fasting lipid profi le, urinalysis, hepatitis co-infection) 
were taken. Assays were done at a central laboratory that 
met Clinical Laboratory Improvement Amendments 
regulations or equivalent by country. HIV-1 RNA 

concentrations were measured by qualitative PCR with 
the Roche Amplicor assay version 1.5 (Roche Molecular 
Systems, Branchburg, NJ, USA), standard assay at 
screening and baseline, and ultrasensitive protocol at all 
other visits. Phenotypic resistance to selected PIs, 
nucleoside reverse transcriptase inhibitors, and 
non-nucleoside reverse transcriptase inhibitors was tested 
with the PhenoSense HIV assay (Monogram Biosciences, 
San Francisco, CA, USA), and substitutions in the HIV 
reverse transcriptase and protease genomes were 
determined with the GeneSeq HIV assay (Monogram 
Biosciences). Hepatitis serologies were assessed at 
screening, week 48, or at early termination.

Investigators determined the intensity of adverse events 
at each study visit with a modifi ed WHO grading system, 
and determined the relation between adverse events and 
study therapy.20

The primary endpoint was the proportion of patients 
with HIV RNA of less than 50 copies per mL at week 48. 
Secondary effi  cacy endpoints were the proportion of 
patients with HIV RNA less than 400 copies per mL at 
week 48, change in CD4 cell count from baseline through 
week 48, log reduction in HIV RNA by week 48, and the 
antiretroviral resistance profi les of patients experiencing 
virological failure. Safety endpoints included the 
incidence of adverse events, serious adverse events, 
discontinuations due to adverse events, laboratory 
abnormalities, and changes from baseline in laboratory 
tests over time.

Statistical analysis
Assuming a 70% response rate (ie, 70% of patients 
remaining on treatment for 48 weeks and HIV RNA 
<50 copies per mL) on both treatment regimens, a sample 
size of 882 randomised patients (441 per regimen) would 
provide 90% power to demonstrate that the atazanavir/
ritonavir regimen is non-inferior to the lopinavir/
ritonavir-based regimen.

Effi  cacy results are presented by the as-randomised 
treatment regimen (intention to treat [ITT]). Safety results 
are presented by the as-treated treatment regimen (ie, by 
the treatment regimen actually received). Two-sided tests 
of statistical signifi cance at the 0·05 level were used. The 
primary effi  cacy endpoint was assessed with several 
algorithms and cohorts. The principal analysis was done 
on a confi rmed virological response, non-completer equals 
failure (CVR, NC=F) basis—an ITT defi nition of response. 
Supportive analyses were done with CVR, non-completer 
equals missing (CVR, NC=M); time to loss of virological 
response (TLOVR); and the virological response-observed 
cases (VR-OC) defi nitions of response. TLOVR is an ITT 
analysis that defi nes response as two consecutive on-
treatment measurements of HIV RNA of less than 
50 copies per mL achieved and maintained through 
week 48 without intervening discontinuation and 
virological rebound (ie, two consecutive on-treatment 
measurements of HIV RNA of 50 copies per mL or greater 

Atazanavir/ritonavir Lopinavir/ritonavir Atazanavir–lopinavir

CVR, NC=F* 343/440 (78%) 338/443 (76%) 1·7% (–3·8 to 7·1)

CVR, NC=M 343/398 (86%) 338/379 (89%) –2·9% (–7·5 to 1·6)

TLOVR 343/440 (78%) 337/443 (76%) 1·9% (–3·6 to 7·4)

VR-OC 335/399 (84%) 333/382 (87%) –3·5% (–8·7 to 1·8)

Data are number of responders/number assessable (%) or diff erence estimate (95% CI). Diff erence estimates are 
stratifi ed by qualifying HIV RNA and region. CVR=confi rmed virological response. NC=F=non-completer equals failure. 
NC=M=non-completer equals missing. TLOVR=time to loss of virological response. VR-OC=virological 
response-observed cases. *Primary analysis. 

Table 2: Proportions of patients with HIV RNA below 50 copies per mL at week 48
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Figure 2: Proportion of patients with HIV RNA below 50 copies per mL at 
week 48 (ITT; CVR, NC=F analysis)
Error bars are SE.
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Figure 3: Proportion of patients with HIV RNA below 50 copies per mL at 
week 48 (ITT; CVR, NC=F analysis), by qualifying HIV-1 RNA 
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or last HIV RNA of 50 copies per mL or greater followed 
by discontinuation). CVR analyses use the same defi nitions 
of response and failure as TLOVR, but classify patients 
with confi rmed re-suppression after virological rebound 
as responders. VR-OC is based on a single measurement 
of HIV RNA of less than 50 copies per mL at week 48.

Treatment regimens were compared by calculation of 
the diff erence in proportions (atazanavir/ritonavir–
lopinavir/ritonavir) and 95% CI based on a stratifi ed 
normal approximation. Analyses were stratifi ed by the 
same strata as randomisation—ie, HIV RNA level at 
enrolment and geographic region. The proportion of 
patients with HIV RNA below 50 copies per mL was 
computed within each stratum, and combined by use 
of a weighted average with weights proportional to 
stratum size (Cochran-Mantel-Haenszel weighting). 
The atazanavir/ritonavir regimen was deemed to be 
non-inferior to the lopinavir/ritonavir regimen if the 
lower CI for the diff erence in proportions was greater 
than –10%.

Descriptive analyses were done for patients with HIV 
RNA below 50 copies per mL at week 48 with CVR, NC=F 
by prespecifi ed baseline subgroups. The association 
between response rates and baseline CD4 cell count was 
assessed post hoc for each regimen with the 
Cochran-Armitage trend test. Mean changes in CD4 cell 
counts from baseline at week 48 were compared between 
treatment regimens with 95% CIs based on stratifi ed 
normal approximations and observed values.

Genotypic and phenotypic resistance profi les were 
determined for patients who met criteria for virological 
failure through week 48 as defi ned by CVR, NC=F for HIV 
RNA of 400 copies per mL or greater. Virological failure was 
defi ned as rebound after achieving a confi rmed viral load of 
less than 400 copies per mL without re-suppression, dis-
continuation due to in suffi  cient viral load response before 
week 48, or failure to achieve a confi rmed viral load of less 
than 400 copies per mL on study and at week 48. Genotypic 
resistance was assessed by searching for all PI-resistance 
mutations, and selected reverse transcriptase inhibitor-
resistance mutations in the most current version of the 
International AIDS Society-USA (IAS-USA) list21 and the 
Stanford HIV Drug Resistance Database. PI-resistance 
substitutions were categorised as poly morphic or non-
polymorphic. Polymorphic sub sti tutions were defi ned as 
either PI-resistance substitutions not listed in IAS-USA or 
PI-resistance sub stitutions listed as minor in IAS-USA that 
had mutation scores of 0 for all PIs, according to values 
assigned by the Standford data base. Non-polymorphic 
substitutions listed in IAS-USA were further categorised as 
either major or minor using both IAS-USA and Stanford 
classifi cations, with the Stanford database taking precedence 
because of its mutation scoring algorithm.

Analyses of fasting lipids over time excluded values 
obtained after the start of serum lipid reduction therapy. 
Mean percent changes in fasting lipids from baseline 
were compared between treatment regimens with 

95% CIs based on stratifi ed normal approximations and 
last observation carried forward (LOCF).

The proportions of patients adherent to the regimen at 
week 48 were determined by comparing actual study 
medications received with those reported on the 
Multicenter AIDS Cohort Study (MACS) adherence 
questionnaire.22,23 The denominator was based on patients 
who received any study medication at week 48. Patients 
were classifi ed as non-adherent to a drug if they took 
fewer medications than prescribed in the past 4 days, 
took medication as prescribed in the past 4 days in an 
atypical pattern, took fewer pills per dose than prescribed 
in the past 4 days, or provided partial responses to 
adherence questions. Patients had to be adherent to all 
drugs in the regimen to be categorised as adherent to the 
regimen. Patients who did not report any drugs in the 
regimen on MACS were deemed to be non-adherent.

Statistical analyses were done with SAS version 9. This 
study is registered with ClinicalTrials.gov, number 
NCT00272779. 

Role of the funding source
The study sponsor developed the study design and analysis 
plan with input from prospective investigators. Decisions 
regarding the fi nal protocol, data reviews, and publishing 
were made based on discussion between the sponsor and 
the study investigators. The corresponding author and the 
sponsor had full access to the data after offi  cial closure of 
the database and the corresponding author had fi nal 
responsibility for submitting the manuscript.

Results 
883 HIV-infected, treatment-naive patients were 
randomised and analysed for effi  cacy (fi gure 1). Three 
patients randomised to receive lopinavir/ritonavir 
received atazanavir/ritonavir for the duration of the 

A B

≥200 cells per μL
100–<200 cells per μL
50–<100 cells per μL
<50 cells per μL

100

80

Re
sp

on
de

r (
%

)

60

n=222 n=106 n=45

Atazanavir/ritonavir Lopinavir/ritonavir

n=58 n=228 n=134 n=29 n=48

63%
69%

78%80%78%76%75%
80%

40

20

0

p=0·0085p=0·51
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count in (A) the atazanavir/ritonavir group and (B) the lopinavir/ritonavir group
p values for response by baseline CD4 cell count calculated with Cochran-Armitage trend tests.
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study because of a central drug-assignment error. For 
the purposes of effi  cacy analyses, these patients were 
deemed to have been treated as randomised (ie, were 

included in the lopinavir/ritonavir group) but were 
grouped as-treated with atazanavir/ritonavir in the safety 
analyses. Five patients randomly assigned to the 
atazanavir/ritonavir group and seven to lopinavir/
ritonavir had been exposed to antiretroviral therapy at 
baseline as part of post-exposure prophylaxis or 
prevention of mother-to-child transmission. 

Baseline demographics were much the same in the 
two treatment groups (table 1). 39 (9%) of the 
438 individuals who received study treatment in the 
atazanavir/ritonavir group and 58 (13%) of 440 patients 
who received study treatment in the lopinavir/ritonavir 
group discontinued before week 48; similar proportions 
of these discontinuations in each group were due to 
adverse events (fi gure 1). There were more dis-
continuations due to jaundice on atazanavir/ritonavir 
than on lopinavir/ritonavir (three [<1%] vs none) and 
more due to diarrhoea on lopinavir/ritonavir than on 
atazanavir/ritonavir (four [<1%] vs none). One patient on 
each regimen discontinued due to a renal adverse event 
(Fanconi syndrome on atazanavir/ritonavir, proteinuria 
on lopinavir/ritonavir). At week 48, 330 (82%) of 
401 patients on atazanavir/ritonavir and 316 (84%) of 
378 patients on lopinavir/ritonavir were still adherent to 
the regimen.

At baseline, nine (2%) patients in the atazanavir/
ritonavir group and 11 (3%) of those in the lopinavir/
ritonavir group had major PI-resistance substitutions; 
136 (31%) and 168 (39%) had minor PI-resistance 
substitutions, respectively. Two patients in the atazanavir/
ritonavir group had baseline phenotypic resistance 
to atazanvir/ritonavir, lopinavir/ritonvir (Monogram 
PhenoSense clinical cutoff s, fold change [FC] atazanavir/
ritonavir 19 and 10; lopinavir/ritonavir 39 and 9), and 
emtricitabine (FC 44 and 64). One of these patients also 
had baseline resistance to tenofovir (FC 1·74).

At week 48, similar proportions of patients in each 
group had achieved the primary endpoint as assessed 
with the principal ITT analysis of CVR, NC=F (table 2, 
fi gure 2). The atazanavir/ritonavir regimen met the 
criterion for non-inferiority to the lopinavir/ritonavir-
based regimen (table 2, fi gure 2). The three pa tients 
randomised to lopinavir/ritonavir who received ataza-
navir/ritonavir were all primary end point treat ment 
successes. The non-inferiority of the atazanavir/ritonavir-
based regimen to the lopinavir/riotonavir-based regimen 
was confi rmed by the sup portive analyses (table 2).

Treatment regimens were comparable in terms of the 
mean increase from baseline to week 48 in CD4 cell 
count (203 cells per µL in the atazanavir/ritonavir group 
and 219 cells per µL in the lopinavir/ritonavir group; 
diff erence –16·4 cells per µL, 95% CI –35·9 to 3·1). 
There was no diff erence between groups in log 
reduction in HIV RNA from baseline and week 48 (data 
not shown).

Treatment response (HIV RNA <50 copies per mL) at 
week 48 using CVR, NC=F as assessed by strata of viral 

Atazanavir/
ritonavir 
(N=440)

Lopinavir/
ritonavir 
(N=443)

CVR-defi ned virological failure* 25 (6%) 26 (6%)

Rebound after achieving confi rmed viral load <400 copies per mL 
without re-suppression

10 17

Discontinued due to insuffi  cient viral load response† 4 6

Failure to achieve confi rmed viral load <400 copies per mL and on study 
at week 48

11 3

Assessed for treatment-emergent drug-associated substitutions‡ 19 20

Any PI substitution 10 8

Polymorphic 8 8

Non-polymorphic 2§ 0

Emtricitabine-associated substitutions (M184I/V) 5 4

Tenofovir-associated substitutions (K65R/K70E) 1 0

Thymidine analogue mutations 1 1

*Excludes two patients with baseline phenotypic resistance to atazanavir/ritonavir and lopinavir/ritonavir. 
†Discontinuations due to insuffi  cient viral load response were as judged by investigators.‡Six patients in each group 
did not have paired baseline and on-treatment genotypes available for analysis. §Patient 1: N88S, M46I. Patient 2: 
L10F, V32I, K43T, M46I, A71I, G73S, L90M.

Table 3: Treatment-emergent resistance through week 48 in isolates from patients with virological failure

Atazanavir/ritonavir 
(N=441)

Lopinavir/ritonavir 
(N=437)

Grade 2–4 adverse events in ≥2% of patients

Herpes zoster 9 (2%) 14 (3%)

Infl uenza 6 (1%) 9 (2%)

Nasopharyngitis 8 (2%) 11 (3%)

Bronchitis 7 (2%) 11 (3%)

Upper respiratory tract 
infection

7 (2%) 12 (3%)

Diarrhoea 24 (5%) 66 (15%)

Nausea 21 (5%) 36 (8%)

Vomiting 10 (2%) 16 (4%)

Abdominal pain 9 (2%) 10 (2%)

Hyperbilirubinaemia 26 (6%) 1 (<1%)

Jaundice 16 (4%) 0

Headache 27 (6%) 16 (4%)

Rash 13 (3%) 7 (2%)

Back pain 10 (2%) 4 (<1%)

Pyrexia 6 (1%) 12 (3%)

Hypertriglyceridaemia 4 (<1%) 18 (4%)

Grade 2–4 treatment-related adverse events

Overall (through week 48) 115 (26%) 129 (30%)

That occurred in ≥2% of patients

Jaundice 16 (4%) 0

Nausea 17 (4%) 33 (8%)

Diarrhoea 10 (2%) 50 (11%)

Rash 14 (3%) 9 (2%)

Data are n (%).

Table 4: Grade 2–4 adverse events through week 48
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load at enrolment and baseline CD4 cell count subgroups 
are shown in fi gures 3 and 4. Responses stratifi ed by 
qualifying HIV RNA strata were consistent between 
groups, with some diminution in response rates in those 
with qualifying HIV RNA of 100 000 copies per mL or 
more in both groups (fi gure 3). The association between 
response rate and baseline CD4 cell count was assessed 
post hoc within each regimen. These analyses indicated 
that lower response rates were associated with lower 
baseline CD4 cell counts for lopinavir/ritonavir (p=0·0085; 
fi gure 4B) but not for atazanavir/ritonavir (p=0·51; 
fi gure 4A). Seven (12%) of the 58 patients in the 
atazanavir/ritonavir group and six (13%) of 48 in the 
lopinavir/ritonavir group with CD4 cell counts below 
50 cells per µL were virological failures by week 48; 
six (10%) of those in the atazanavir/ritonavir group and 
11 (23%) of those in the lopinavir/ritonavir group 
discontinued before confi rmed virological suppression; 
of these patients, none in the atazanavir/ritonavir group 
and fi ve in the lopinavir/ritonavir group discontinued 
because of adverse events. 

Virological failure (using CVR, NC=F) occurred in 
similar numbers of patients in each group (table 3). Two 
patients taking atazanavir/ritonavir had non-polymorphic 
PI-resistance mutations emerge on treatment. In one 
patient the N88S substitution, associated with atazanavir 
resistance, emerged. At the time of failure the isolate 
remained sensitive to atazanavir/ritonavir (atazanavir 
FC 3·71) and developed increased susceptibility to fosam-
prenavir, darunavir, and lopinavir/ritonavir. The patient 
subsequently experienced virological re-suppres sion 
without change in regimen to a viral load of less than 
50 copies per mL. Of note, the N88S substitu tion was 
also recorded in one baseline isolate of a patient 
randomised to atazanavir/ritonavir (atazanavir FC 1·38); 
this patient achieved viral suppression to HIV RNA 
below 50 copies per mL at week 36, and remained 
suppressed throughout the study period. The second 
patient receiving atazanavir/ritonavir with emergent 
non-polymorphic PI-resistance mutations had six PI 
mutations at baseline, and rebounded rapidly at week 24 
after suppression to an HIV RNA of less than 50 copies 
per mL, suggesting that failure was due to re-emergence 
of archived resistance mutations and previous exposure 
of the virus to PIs.

The safety population consisted of 878 treated 
patients—441 in the atazanavir/ritonavir group and 437 in 
the lopinavir/ritonavir group. There were no unexpected 
safety events, and adverse events were not treatment 
limiting in most cases. 13 deaths were reported: six in the 
atazanavir/ritonavir group, six in the lopinavir/ritonavir 
group, and one patient who was enrolled but died before 
randomisation. None were deemed to be related to the 
study drug.

Serious adverse events were noted in 51 (12%) patients 
in the atazanavir/ritonavir group and in 42 (10%) patients 
in the lopinavir/ritonavir group. All serious adverse 

events were reported by less than 1% of patients on 
either regimen with the exception of diarrhoea, which 
was reported by six (1%) patients in the lopinavir/
ritonavir group and by two (<1%) in the atazanavir/
ritonavir group. Few of these serious adverse events were 
deemed to be related to the study drug.Grade 2–4 adverse 
events, including those deemed to be treatment related, 
are shown in table 4. Of note, more patients on lopinavir/
ritonavir experienced grade 2–4 treatment-related nausea 
and diarrhoea than did those in the atazanavir/ritonavir 
group; more patients on lopinavir/ritonavir required 
initiation of anti-diarrhoeal medications than did patients 
on atazanavir/ritonavir (94 [22%] vs 41 [9%]).

The incidence of grade 3–4 increases in alanine 
aminotransferase and aspartate aminotransferase 
concentrations was low on each regimen (table 5), but 
grade 3–4 increases (2·6× upper limit of normal or 
greater) in total bilirubin occurred much more frequently 
in the atazanavir/ritonavir group than in the lopinavir/
ritonavir group (table 5). 16 (4%) patients in the 
atazanavir/ritonavir group had grade 4 increases, 
compared with none in the lopinavir/ritonavir group. 
There was little change from baseline to week 48 in 
serum creatinine (≤0·5 mg/L on both regimens). The 
median percentage changes from baseline in the 
calculated creatinine clearance (Cockroft-Gault formula) 

Atazanavir/ritonavir Lopinavir/ritonavir

Total bilirubin elevation (≥2·6×ULN) 146/435 (34%) 1/431 (<1%)

Alanine aminotransferase increase (≥5·1×ULN) 8/435 (2%) 6/431 (1%)

Aspartate aminotransferase increase (≥5·1×ULN) 9/435 (2%) 2/430 (<1%)

Total cholesterol (≥240 mg/dL) 30/434 (7%) 77/428 (18%)

Triglycerides (≥751 mg/dL) 2/434 (<1%) 15/428 (4%)

Data are n/N (%). ULN=upper limit of normal.

Table 5: Selected grade 3–4 laboratory abnormalities in ≥2% patients through week 48
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at week 48 were –1% (IQR –11 to 8) on atazanavir/ritonavir 
and –1% (–11 to 11) on lopinavir/ritonavir.

Mean percentage changes in fasting total cholesterol, 
non-HDL cholesterol, and triglycerides from baseline at 
week 48 were signifi cantly higher on lopinavir/ritonavir 
than on atazanavir/ritonavir (p<0·0001 for these three 
types of lipid; fi gure 5). Plasma lipid values at baseline 
and at week 48 are shown in fi gure 6. Through week 48, 
more patients on lopinavir/ritonavir than on atazanavir/
ritonavir used lipid-lowering therapy (33 [8%] vs 
10 [2%]).

Discussion 
Our data show that once-daily ritonavir-boosted atazanavir 
is non-inferior in terms of effi  cacy to twice-daily 
ritonavir-boosted lopinavir, both in combination with 
once-daily tenofovir/emtricitabine for the initial 
treatment of antiretroviral-naive HIV-1-infected patients 
over 48 weeks. Response rates were consistent with those 
seen in other studies of atazanavir/ritonavir18 and 
lopinavir/ritonavir24–27 in treatment-naive patients, after 
allowing for diff erences in study designs and 
populations.

In addition to high antiviral response rates, increases 
in CD4 cell count—an important measure of immune 
reconstitution—were seen with both regimens by 
48 weeks. Both regimens were eff ective in patients with 
high viral loads, although response rates were lower in 
patients with higher viral load in both groups. Although 
analyses of the relation between effi  cacy and baseline 
CD4 cell count were done post hoc, the antiviral effi  cacy 
of atazanavir/ritonavir was maintained irrespective of 
baseline CD4 cell count, while reduced response rates 
were seen with lower baseline CD4 cell counts for 
patients on lopinavir/ritonavir. Variation in response 
rates for lopinavir/ritonavir has been noted before; in 
study M98-863, a large randomised, controlled trial that 
compared lopinavir/ritonavir with nelfi navir in 
treatment-naive patients,28 lower response rates (where 
a response was deemed to be HIV RNA <400 copies per 
mL) were observed among treatment-naive patients 
receiving lopinavir/ritonavir with CD4 cell counts below 
50 cells per µL at baseline than in those with higher 
counts, although the diff erences in response were not 
statistically signifi cant.28 A trial in treatment-naive 
patients that compared lopinavir/ritonavir with 
darunavir/ritonavir showed lower response rates among 
patients with CD4 cell counts below 50 cells per µL than 
in those with higher CD4 cell counts with both drug 
combinations.25 However, other studies of lopinavir/
ritonavir have not reported this variation based on 
baseline CD4 cell counts.26,27 In this study, nearly a 
quarter of patients on lopinavir/ritonavir with a baseline 
CD4 cell count below 50 cells per µL discontinued 
before confi rmed virological suppression, and of these, 
half did so due to an adverse event. By contrast, no 
patients with a baseline CD4 cell count below this 
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threshold on atazanavir/ritonavir discontinued because 
of an adverse event, suggesting that the reduced 
response rates seen among patients with low CD4 cell 
counts and advanced HIV-related immune suppression 
on lopinavir/ritonavir might be due mainly to 
intolerance.

Consistent with other studies in treatment-naive 
patients,24–26 our data suggest that, in patients without 
evidence of baseline resistance, there is a low rate of 
virological failure during treatment with regimens 
containing a boosted PI. Rates of virological failure were 
much the same in both groups, as were the rates at 
which treatment resistance developed; there were few 
instances of the emergence of resistance to protease 
inhibitors, and the rate of emergence of the M184V 
mutation—a substitution that confers resistance to 
emtricitabine—was similar with both regimens. 
However, over the course of the study, two patients in 
the atazanavir/ritonavir group developed non-
polymorphic mutations compared with none in the 
lopinavir/ritonavir group. 

Advances made in the management of HIV infection 
have resulted in a fundamental shift in the profi le of the 
disease in the developed world to a potentially chronic 
and manageable condition.1,29 Treatment regimens for 
the management of HIV infection must now provide a 
high level of antiviral effi  cacy and be shown to off er 
durable effi  cacy, a good tolerability and safety profi le, and 
simple dosing to ensure treatment success and patient 
adherence in the long term. The results of this study 
show that regimens based on both atazanavir/ritonavir 
and lopinavir/ritonavir provide high antiretroviral effi  cacy 
and low rates of virological failure over 48 weeks in 
treatment-naive patients. Overall patient discontinua tion 
rates were low and no unexpected safety events were 
noted. Adverse events were—in most cases—not 
treatment limiting. The proportion of patients with 
abnormal levels of alanine and aspartate amino-
transferases was consistent between the two regimens 
and the incidence of abnormal bilirubin was predictably 
higher on atazanavir/ritonavir than on lopinavir/
ritonavir.14,18 Although hyperbilirubinaemia and jaundice 
may be of concern because of their potential eff ect on 
patient quality of life, only three patients (<1%) 
discontinued treatment with atazanavir/ritonavir due to 
jaundice in the 48 weeks reported here, indicating that 
hyperbilirubinaemia does not have a signifi cant eff ect on 
atazanavir tolerability.

Perhaps the greatest concern for physicians and 
patients in selecting a PI-based HAART regimen in 
treatment-naive patients is the potential risk of 
long-term adverse eff ects associated with PI-related 
dyslipidaemia and negative vasculature eff ects.4,12,30 
Several mechanisms that could contribute to 
cardiovascular and cerebro vascular changes in 
HIV-infected patients on anti retroviral therapy have 
been reported, including the accelerated accumulation 

of lipids in vessel walls. However, these mechanisms do 
not seem to be class specifi c.30 Our results suggest that 
atazanavir/ritonavir had a signifi cantly better lipid 
profi le than did lopinavir/ritonavir; fewer patients on 
atazanavir/ritonavir required lipid-lowering therapy 
than did those on lopinavir/ritonavir. Whether these 
diff erences in lipid profi les will confer additional 
benefi ts in decreasing cardiovascular or cerebrovascular 
risk has yet to be elucidated. 

Atazanavir/ritonavir exhibited less gastrointestinal 
toxicity than did the lopinavir/ritonavir regimen; more 
patients taking lopinavir/ritonavir initiated anti-diarrhoeal 
medication than did those on atazanavir/ritonavir. 
Inadequate adherence to HAART is aff ected by many 
factors, such as tolerability of therapy, pill burden, dosing 
frequency, food requirements, and safety concerns,7 and 
the risk of gastrointestinal side-eff ects ranks highly 
among patient concerns and preferences for third-agent 
HIV medications.31 Indeed, treatment-related diarrhoea 
is emerging as a risk factor for treatment failure.10 Recent 
clinic-based studies have shown that the safety and 
tolerability profi le of atazanavir/ritonavir can lead to 
lower rates of treatment change in treatment-naive 
patients than with other third-agent HIV medications.32,33 
Atazanavir/ritonavir also off ers once-daily dosing and the 
lowest pill burden of available PIs, satisfying another 
criterion of patient preference and contributing to 
convenience of therapy.

Limitations of this study include its open-label design 
and the fact that patients were limited to using the three 
capsules, twice daily formulation of lopinavir/ritonavir 
during the 48-week assessment period, rather than the 
newer tablet formulation of two tablets twice daily. 
However, the low rates of discontinuation due to adverse 
events in these treatment-naive patients suggest that 
this formulation was not an issue, and the similar 
adherence rates for the regimens also suggest that pill 
burden was not a limiting factor. A study that compared 
the soft-gel capsules with the tablet form showed no 
statistically signifi cant diff erences between the two 
formulations in terms of the number of patients 
discontinuing due to gastrointestinal adverse events or 
other adverse events, or in the incidence of treatment-
emergent diarrhoea of any severity.27 These data, in 
conjunction with the low discontinuation rate seen here, 
suggest that the use of lopinavir/ritonavir tablets would 
not have aff ected the study outcomes. One should also 
note that not permitting patients to switch formulations 
during the assessment period permitted a true 
comparison of consistent regimens from start of 
treatment through to week 48. 

In summary, the results of this study support the use of 
once-daily atazanavir/ritonavir as a recommended 
fi rst-line treatment option, with a number of patient 
benefi ts over the currently recommended ritonavir-
boosted twice-daily lopinavir for the treatment of 
HIV-infected antiretroviral-naive patients.
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