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Abstract

Atazanavir-based regimens have established efficacy and safety in both antiretroviral (ARV)-naive and -experienced
patients. However, data evaluating effectiveness beyond 2 years is sparse. Therefore, we assessed the long-term
outcomes of ritonavir-boosted atazanavir (ATV/r)-containing regimens in ARV-experienced patients in a clinical
setting in a noncomparative, retrospective, observational study collecting data from three European HIV
databases on ARV-experienced adults with HIV-1 infection starting an ATV/r-based regimen. Data were
extracted every 6 months (maximum follow-up 5 years). Primary outcome was the proportion of patients
remaining on ATV/r by baseline HIV-1 RNA ( < 500 or ‡ 500 copies/ml). Secondary outcomes included time to
virologic failure, reasons for discontinuation, and long-term safety profile. The duration of treatment and time to
virologic failure were analyzed using the Kaplan–Meier method. Data were analyzed for 1,294 ARV-experienced
patients (male 74%; mean ART exposure 5.7 years). After 3 years, 56% (95% CI: 52%, 60%) of patients with
baseline HIV-1 RNA < 500 copies/ml and 53% (95% CI: 49%, 58%) of those with HIV-1 RNA ‡ 500 copies/ml
remained on ATV/r. After 3 years, 75% (95% CI: 69%, 80%) of patients with baseline HIV-1 RNA < 50 copies/ml
remained suppressed and 51% (95% CI: 47%, 55%) of those with baseline HIV-1 RNA ‡ 50 copies/ml achieved
and maintained virologic suppression. Although adverse events (AEs) were the main known reason for dis-
continuation, no unexpected AEs were observed. In a real-life setting ATV/r-based regimens demonstrated
sustained virologic suppression in ARV-experienced patients. After long-term therapy the majority of patients
remained on treatment and no unexpected AEs were observed.

Introduction

Since their introduction in 1996, it is estimated that
combined antiretroviral therapy (cART) has halved the

average mortality rate for HIV-1-infected individuals in the
developed world.1 As a result, long-term treatment outcomes
and regimen durability have become more clinically relevant.

Despite these improvements in cART, many patients
change treatment for reasons that may include virologic fail-
ure, adverse events, or poor adherence consequent to pill
burden or tolerability issues. Therefore, the long-term out-

comes of patients receiving different antiretroviral (ARV)
regimens, both as initial therapy and after switching, are es-
sential to evaluate given the longer life expectancy associated
with modern cART.1

Although randomized clinical trials are generally con-
ducted over a substantial duration, typically 96 weeks, cohort
studies of an even longer duration have the potential to offer
valuable additional information with respect to long-term
outcomes of therapy in a real-life clinical setting.

The introduction of protease inhibitors (PIs) into HIV
treatment combinations has made a significant contribution
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to improvements in morbidity and mortality. Several PI
agents are now available, providing options for individual-
ized therapy, and most regimens are boosted with the phar-
macological enhancer, ritonavir.2

In clinical trials, convenient once-daily ritonavir-boosted
atazanavir (ATV/r)-based regimens have proven efficacy and
safety in both treatment-naive3–5 and -experienced patients.6,7

These regimens are recommended as a preferred therapeutic
option for initiation of therapy in treatment-naive patients by
the current treatment guidelines in both the United States8,9

and Europe.10

In clinical settings, ATV/r-based regimens are associated
with sustained virologic suppression and favorable rates of
treatment discontinuation when compared with other ARV
regimens.11–14 However, information about these long-term
real-life outcomes is sparse in patients receiving ATV/r11–13

and in patients receiving boosted PI-based therapy in general,15

especially in the case of treatment-experienced patients.16,17

Therefore, the aim of the current study was to evaluate the
long-term outcomes of ATV/r-based regimens in a large
sample of ARV-experienced patients in a real-life European
clinical setting. To our knowledge this represents the largest
cohort to date evaluating long-term outcomes of a boosted
PI-based regimen in ARV-experienced patients.

Materials and Methods

Study design

This was a noncomparative, retrospective, observational
study of ARV-experienced patients (including PI-experienced)
stratified by viral load at baseline (HIV-1 RNA < 500 copies/
ml or ‡ 500 copies/ml). Data were collected from three ge-
neric HIV databases: two multicenter databases, one based in
France (Dat’AIDS)18 and the other in Germany (Competence
Network for HIV/AIDS, KompNet),19 and one single-center
database based in Sweden (InfCare HIV). Patients were ini-
tiated on an ATV/r-based regimen between October 1, 2004
and March 31, 2007.

HIV patient databases were identified in several European
countries: France, Germany, Sweden, Italy, Switzerland, Uni-
ted Kingdom, Denmark, and Spain. After conducting a feasi-
bility study to assess the output and access of each database, the
general information and exposure data collected for each pa-
tient, and the compatibility of the type of data collected with the
requirements of the study protocol, three databases were fi-
nally selected from France, Germany, and Sweden.

An integrated study dataset of patients switching to an
ATV/r-based regimen was then generated from these three
generic datasets and patient data were extracted at 6-monthly
intervals until October 31, 2009 (maximum follow-up period
of 5 years).

Although most variables were collected and reported in a
similar way across all three databases, some variables were
collected and reported differently between databases. These
variables included baseline Centers for Disease Control (CDC)
AIDS class, baseline hepatitis coinfection, mode of HIV acquisi-
tion, and reasons for treatment discontinuation. To consistently
analyze these variables, they were mapped in the study dataset
across the three individual databases and grouped into those
categories commonly used in clinical trials and cohort studies.

The study was conducted in accordance with the ethical
principles originating from the Declaration of Helsinki, and

was consistent with the International Conference on Harmo-
nization Good Clinical Practice Guidelines, Guidelines for
Good Pharmacoepidemiology Practices, and local regulatory
requirements. Approval for cohort inclusion was obtained
from the local ethical committees of all study centers.

Patients

Two patient populations were studied, stratified according
to viral load at baseline: those with a threshold viral load of
either HIV-1 RNA < 500 or ‡ 500 copies/ml. In the absence of
a universally agreed definition of virologic failure across the
three individual databases, we chose to use the 500 copies/ml
cut-off value because it was the most commonly used, both in
clinical practice at the time and within the databases them-
selves. Therefore, the 500 copies/ml cut-off value gave the
best available classification of patients who were virologically
suppressed or not at baseline after switching to an ATV/r-
based regimen. However, given that current clinical practice
would now favor a definition of virologic failure based upon a
lower cut-off value, results for the analysis of time to virologic
failure were also reported stratifying patients using the more
recent and stringent lower limit of quantification (LLOQ) cut-
off value of 50 copies/ml (baseline threshold viral load either
HIV-1 RNA < 50 or ‡ 50 copies/ml).

Inclusion criteria were participation in a European HIV
cohort, age ‡ 18 years on commencement of ATV/r therapy,
ARV experience prior to starting ATV/r therapy, and ATV/r
therapy commenced between October 1, 2004 and March 31,
2007. Patients were excluded if they were treatment naive or
had no recorded start date for ATV/r therapy.

Outcomes

The primary outcome was the proportion of patients re-
maining on treatment over time, stratified by plasma viral
load at baseline (i.e., HIV-1 RNA < 500 copies/ml or ‡ 500
copies/ml at study entry). The probability of remaining on
treatment over time was estimated using the Kaplan–Meier
method.

Secondary outcomes included proportions of patients dis-
continuing ATV/r treatment over time, reasons for treatment
discontinuation, time to virologic failure estimated using the
Kaplan–Meier method, change in CD4 counts estimated using
mixed models repeated measures (MMRM) analysis, and the
long-term safety profile of ATV/r treatment.

Virologic failure was defined using the most stringent
LLOQ of 50 copies/ml and was recorded as having occurred
following either two consecutive HIV-1 RNA ‡ 50 copies/ml
tests or one HIV-1 RNA ‡ 50 copies/ml test followed by
discontinuation. Virologic failure was also analyzed using the
LLOQ of 500 copies/ml. When using the LLOQ of 50 copies/ml
definition of virologic failure, it was considered more appro-
priate to stratify the results by the same cut-off value of 50
copies/ml at baseline in order to evaluate patients using the
same criterion before and after ATV/r treatment. Similarly,
when using the definition of LLOQ of 500 copies/ml, strati-
fication by 500 copies/ml at baseline was employed.

Statistical analyses

For the analysis of time-to-event data, the Kaplan–Meier
method was considered to be the most appropriate technique
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and a strategy for handling censored observations designed to
minimize the overestimation of treatment effects was em-
ployed. Thus, all patients were analyzed up to the date of their
last contact, including patients with ATV/r treatment inter-
ruptions, provided the duration of interruption was £ 90
days. Patients with missing data or who were lost to follow-
up were censored.

For the analysis of CD4 counts, MMRM was considered to
be a more appropriate method for imputing missing data than
the last observation carried forward (LOCF) method because
MMRM generates estimates that are valid for most types of
missing data, whereas LOCF does not.20

The long-term safety profile of ATV/r treatment was
evaluated by collecting data on reported adverse events and
laboratory abnormalities. Adverse event data were collected
and analyzed for all patients up to the point of ATV/r treat-
ment discontinuation or until the end of the follow-up period.

Multivariate Cox proportional hazards regression analyses
were used to determine factors associated with ATV/r treat-
ment discontinuation and virologic failure. Gender and
baseline viral load, variables known to be associated with
these outcomes, were forced into the model. Additional cov-
ariates were entered if they demonstrated £ 20% of missing
values, absence of colinearity, and a p-value of < 0.20 on a
prescreening univariate analysis. Variables entered into the
preliminary univariate analysis included age, country, mode
of HIV acquisition, baseline CD4 cell count, and previous
exposure to ARV therapy (drug class and duration).

Results

Patients

A total of 1,294 patients were included in the study and
were followed up for a total of 2,748 patient-years. Details
of patient disposition are summarized in Fig. 1. Baseline

characteristics overall, by baseline viral load, and by country
were generally similar and are presented in Table 1. The
median age in the overall cohort at ATV/r initiation was
43 years, and 74% were men (85% in the German cohort).
Approximately one-third of participants were classified with
CDC Class C AIDS. About 75% of patients had prior experi-
ence of PI therapy, and the mean duration of previous ARV
experience was over 5 years.

Primary outcome

The probability of remaining on ATV/r-based regimen is
shown in Fig. 2a (Kaplan–Meier analysis). After 3 years of
treatment, 56% (95% CI: 52%, 60%) of patients with baseline
virologic suppression ( < 500 copies/ml) and 53% (95% CI:
49%, 58%) of those with detectable viremia ( ‡ 500 copies/ml)
remained on treatment.

Secondary outcomes

Treatment discontinuation. Overall, the median time to
discontinuation was estimated to be 45 months (95% CI: 41,
49) for the overall cohort, with slightly longer median dura-
tion of therapy (48 months; 95% CI: 10, 52) for those patients
with baseline virologic suppression, relative to those with
baseline detectable viremia (44 months; 95% CI: 36, 50).

Of 1,294 patients overall, 43.1% (558) discontinued ATV/r
treatment over time. Discontinuation rates in patients with a
baseline HIV-1 RNA level of < 500 copies/ml or ‡ 500 copies/ml
were 41.6% and 45.2%, respectively. The proportion of pa-
tients discontinuing ATV/r treatment was 21.2% up to the
first year, 32.7% up to the second year, 39.8% up to the third
year, 42.6% up to the fourth year, and 43.1% up to 60 months
(missing data excluded).

Adverse events (11%), patient decision (6%), and lack of
efficacy (5%) were among the most common documented

FIG. 1. Patient disposition.
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reasons for treatment discontinuation. Lack of efficacy was de-
fined as treatment failure (clinical, virologic, or immunologic),
resistance, drug interaction, or other therapeutic reasons. The
reason for discontinuation was unknown in 14% of patients.

Time to virologic failure

After 3 years of treatment, 91% (95% CI: 87%, 93%) of pa-
tients (n = 722) with baseline HIV-1 RNA < 500 copies/ml
remained suppressed, and 65% (95% CI: 60%, 69%) of patients
(n = 540) with baseline HIV-1 RNA ‡ 500 copies/ml achieved
virologic suppression and remained suppressed. Using the
more stringent definition of virologic failure, after 3 years of
treatment, 75% (95% CI: 69%, 80%) of patients (n = 413) with
baseline HIV-1 RNA < 50 copies/ml remained suppressed,
and 51% (95% CI: 47%, 55%) of patients (n = 717) with baseline
HIV-1 RNA ‡ 50 copies/ml achieved virologic suppression
and remained suppressed (Fig. 2b).

CD4 cell count analysis

CD4 cell counts increased progressively over the entire study
period; the estimated mean CD4 count increase for all patients
was 48 cells/ll/year (95% CI: 45, 50; p < 0.0001) (Fig. 3). Increases

were most rapid for patients with baseline detectable viremia
(HIV-1 RNA ‡ 500 copies/ml) who had an estimated mean CD4
count increase of 61 cells/ll/year (95% CI: 58, 65; p < 0.0001).
Corresponding values for patients with baseline HIV-1 RNA
< 500 copies/ml were 38 cells/ll/year (95% CI: 35, 41; p < 0.0001).

Adverse events

Adverse events, regardless of causality, are presented in
Table 2. Hyperbilirubinemia occurred in 63% of patients at
any time point. However, jaundice and discontinuation due to
hyperbilirubinemia were infrequent, occurring in 12 patients
( < 1%) irrespective of baseline HIV-1 RNA levels. Ne-
phrolithiasis occurred in 7 patients ( < 1%).

Multivariate analysis

Female gender (hazard ratio 1.54; 95% CI: 1.28, 1.85;
p < 0.001), but not baseline detectable viremia HIV-1 RNA
‡ 500 copies/ml (hazard ratio 1.04; 95% CI: 0.88, 1.24;
p = 0.630), was significantly associated with an increased risk
of ATV/r treatment discontinuation.

Baseline detectable viremia HIV-1 RNA ‡ 500 copies/ml
(hazard ratio 2.93; 95% CI: 2.36, 3.64; p < 0.001) and baseline

Table 1. Baseline Characteristics by Plasma HIV-1 RNA Level and Country

Country Baseline HIV-1 RNA level
Overall

France
(n = 594)

Germany
(n = 500)

Sweden
(n = 200)

< 500 copies/ml
(n = 722)

‡ 500 copies/ml
(n = 540)

All patients
(N = 1294)

Age, years, median (min, max) 42 (18, 85) 43 (23, 74) 44 (37, 51) 44 (18, 85) 42 (20, 77) 43 (18, 85)
Male, n (%) 406 (68) 425 (85) 127 (64) 540 (75) 391 (72) 958 (74)
Heterosexual, n (%) 253 (43) 84 (17) 94 (47) 227 (31) 199 (37) 431 (33)
Men who have sex with men, n (%) 210 (35) 329 (66) 77 (39) 354 (49) 243 (45) 616 (48)
Intravenous drug users, n (%) 82 (14) 39 (8) 24 (12) 77 (11) 68 (13) 145 (11)
CDC Class C AIDS,a n (%) 154 (26) 85 (32) 33 (38) 152 (29) 119 (29) 272 (29)

Baseline HIV-1 RNA, n (%)
< 500 copies/ml 325 (55) 275 (59) 122 (61) NA NA 722 (57)
‡ 500 copies/ml 269 (45) 193 (41) 78 (39) NA NA 540 (43)
Missing 0 32 0 NA NA 32
< 50 copies/ml 204 (41) 101 (23) 108 (54) 401 (62) 12 (3) 413 (37)
‡ 50 copies/ml 291 (59) 334 (77) 92 (46) 242 (38) 475 (98) 717 (64)
Missing 99 65 0 79 53 164

CD4 count (cells/ll), median
(min, max)

379 (1, 1310) 353 (1, 1629) 381 (4, 1181) 454 (30, 1629) 270 (1, 1443) 368 (1, 1629)

TDF-containing NRTI backbone,b

n (%)
334 (56) 325 (65) 102 (51) 403 (56) 335 (62) 761 (59)

Time of ARV exposure, years,
mean (SD)

6.4 (4.1) 4.9 (3.7) 5.2 (4.1) 5.9 (4.0) 5.5 (4.0) 5.6 (4.0)

Prior exposure to PI, n (%) 478 (81) 335 (67) 151 (76) 586 (81) 362 (67) 964 (75)
LPV/rc 205 (35) 207 (41) 70 (35) 301 (42) 170 (31) 482 (37)
Indinavir 239 (40) 105 (21) 84 (42) 254 (35) 172 (32) 428 (33)
Saquinavir 175 (29) 134 (27) 34 (17) 206 (29) 134 (25) 343 (27)
Nelfinavir 157 (26) 96 (19) 83 (42) 196 (27) 135 (25) 336 (26)
Othersd 124 (21) 53 (11) 5 (3) 92 (13) 88 (16) 182 (14)

Time of PI exposure, years,
mean (SD)

2.8 (2.9) 2.3 (2.8) 3.1 (3.1) 3.1 (3.0) 2.1 (2.7) 2.6 (3.0)

aAvailable in 941 patients.
bAvailable in 1287 patients.
cAvailable in 1280 patients.
dIncludes fosamprenavir (6% of patients overall), unboosted atazanavir (4%), amprenavir (3%), tipranavir (1%), and darunavir (0.1%).
NA, not applicable; CDC, Centers for Disease Control; TDF, tenofovir disoproxil fumarate; LPV/r, ritonavir-boosted lopinavir; PI, protease

inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; ARV, antiretroviral.
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CD4 cell count (hazard ratio 1.56; 95% CI: 1.26, 1.98; p < 0.001),
but not female gender (hazard ratio 1.06; 95% CI: 0.85, 1.33;
p = 0.612), were significantly associated with an increased risk
of virologic failure.

Country (Sweden versus France) and type of last concom-
itant therapy (that is the last drug class recorded in combi-
nation with ATV/r before discontinuation) were also
associated with treatment discontinuation and virologic fail-
ure in the main-effects model (Table 3). However, significant
interactions between these and other variables in the full
main-effects plus interactions model did not permit mean-
ingful interpretation of country and last concomitant therapy
results (Supplementary Table S1; Supplementary Data are
available online at www.liebertpub.com/aid).

Discussion

Compared with randomized clinical trials where patients
are selected, long-term cohort studies are more reflective of

routine care, and therefore provide an important opportunity
to translate clinical trial efficacy to clinical effectiveness in the
routine care setting.21 Thus, data from randomized clinical
trials and cohort studies are collectively important to inform
treatment decisions. However, the relative lack of long-term
data limits the development of treatment guidelines with re-
spect to recommendations for long-term treatment decisions,
especially options for optimizing switch strategies.8,10,22 In this
retrospective, observational, real-life study examining long-
term outcomes in treatment-experienced patients who were
switched to an ATV/r-based regimen according to two clinical
scenarios, either stable virologic suppression or virologic fail-
ure, new data are provided on virologic efficacy, safety, and
treatment durability for up to a 5-year period of follow-up.

Virologic suppression was achieved and maintained
among a substantial proportion of patients with detectable
viremia at baseline, and was maintained among those already
virologically suppressed at the time of switch to an ATV/r-
based regimen. Virologic response was associated with a
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sustained immunological recovery over time.6,7 These long-
term outcomes confirm and extend the efficacy findings from
ATV/r clinical trials in treatment-experienced patients.6,7

ATV/r-based regimens were generally well tolerated with
a favorable rate of discontinuation over time when compared
with other cohort studies examining discontinuation rates
with several different first-line ARV regimens.11,12 For ex-
ample, among the seven first-line ARV regimens compared in
the Swiss HIV Cohort Study, treatment modification rates at 1
year were lowest for tenofovir-emtricitabine combined with
ATV/r (24.1%) and highest for zidovudine-lamivudine com-
bined with ritonavir-boosted lopinavir (70.7%).11 These rates
are consistent with the treatment discontinuation rate up to 1
year of 21.2% found in the current study, which notably
evaluated a much larger number of treatment-experienced
patients switched to ATV/r. When examining longer-term
data, the durability of second-line ATV/r-based regimens in
the current study is consistent with findings from a compar-
ative 5-year cohort study of persistence on first-line cART
according to the third agent employed in which median per-
sistence on therapy was greater for ATV/r (1,016 days)
compared with efavirenz (974 days) or ritonavir-boosted lo-
pinavir (382 days).12 Directly comparing treatment-naive and
-experienced cohorts can be problematic, but it is important to
place these data into the available context given that com-
parative cohort data on treatment-experienced patients are
extremely limited both for patients receiving ATV/r-based

regimens23,24 and for patients receiving other ARV regimens
in general. Despite the difficulty in making comparisons, the
fact that the rate of discontinuation with ATV/r in the current
study was lower than that observed in other studies using
other ARV regimens is relevant from a clinical perspective,
especially considering that treatment options for treatment-
experienced patients (particularly those with a viral load
> 500 copies/ml at baseline) are limited.

As noted in previous studies,11,25 gender differences in
discontinuation rate, but not in virologic failure rate, were
also observed in the present study. Although further investi-
gations are required to better characterize differences in dis-
continuation rates, factors such as pregnancy and differences
in adherence25,26 or safety profile11,26 between sexes have
been proposed as potential reasons to explain the increased
rate of discontinuation observed in females.

The reason for discontinuation was unknown in 14% of
patients, which was not surprising in the context of a cohort
study in which such data may not routinely be collected as
would be expected in a clinical trial setting. While adverse
events were the main known reason for discontinuation, the
long-term safety profile in this real-life study was consistent
with that observed previously in clinical trials of up to 2 years
duration,5–7 with no new or unexpected adverse events
identified.

Hyperbilirubinemia is associated with ATV treatment, an
effect that is considered to be mediated by the inhibition of
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uridine 5’-diphosphoglucuronosyltransferase, the enzyme
responsible for glucuronidation of bilirubin.27 Although ATV-
induced hyperbilirubinemia is manageable, reversible, and
independent of hepatocellular toxicity, the related symptoms
of jaundice and ocular icterus could potentially have an im-
pact on a patient’s appearance and quality of life (QoL).28 As
expected with an ATV/r-based regimen, grade 3–4 hyperbi-
lirubinemia occurred in 63% of patients in this study at any
time point. However, jaundice and discontinuation due to
hyperbilirubinemia were rare, occurring in < 1% of patients.
These findings are consistent with those of the CASTLE study,
in which hyperbilirubinemia led to discontinuation in < 1% of
patients without impact on adherence or QoL.28

Cases of nephrolithiasis have been reported in association
with PIs, including ATV/r.29 While data from a recent retro-
spective study suggested a higher rate of nephrolithiasis
with ATV/r,30 methodologic limitations of this study require
additional investigations to be undertaken to further ex-
plore any potential association of specific drugs with ne-
phrolithiasis. In the present study, nephrolithiasis was rarely
reported ( < 1% of patients).

Owing to the retrospective, cohort design of this study, a
number of limitations must be considered. First, the specific
reasons for switching to ATV/r were not collected in the
current study. Although it is reasonable to assume that pa-
tients with detectable viral load at baseline (41.7%) were
switched to ATV/r due to virologic failure, in those patients

with undetectable viral load (58.3%) the reasons for switching
to ATV/r may be varied, for example, regimen simplification
or drug toxicity. In addition, although it was possible to
identify a historical list of the specific drugs administered
prior to switching to ATV/r, the combination of drugs taken
(i.e., the regimen) could not be ascertained with certainty from
the available cohort data. Second, bias from missing data or
patients lost to follow-up cannot be excluded. Third, in con-
trast to randomized controlled trials in which all adverse
events are systematically reported and assessed for causality,
in real-life cohort studies minor adverse events may not be
routinely reported and causality is difficult to establish. Thus,
although adverse events in the current cohort could have been
underreported, adverse events that were unrelated to ATV/r
treatment may also have been reported. In addition, adverse
events reported in the context of long-term cohort studies may
be more reflective of clinical practice and therefore provide
additional clinically relevant information complementary to
that obtained from randomized controlled trials. Finally, in-
formation on genotypic resistance was not available for this
study making it difficult to interpret reasons for virologic
failure.

Despite these potential limitations, study strengths were
the inclusion of a large number of patients from different
European countries who were followed up over an extended
period. In addition, the lack of narrow selection criteria,
as commonly occurs in clinical trials, allowed for an

Table 2. Selected Adverse Events (Regardless of Causality)

Baseline HIV-1 RNAa

Overall
< 500 copies/ml

(n = 722)
‡ 500 copies/ml

(n = 540)
All patients
(N = 1294)

Clinical adverse events (any grade), n (%)
Nausea 3 (< 1) 4 (< 1) 7 (< 1)
Diarrhea 30 (4) 20 (4) 52 (4)
Jaundice 3 (< 1) 4 (< 1) 7 (< 1)
Renal and urinary disorders 22 (3) 15 (3) 37 (3)

Laboratory adverse events (grade 3–4), nb/nc (%)
Total cholesterol ( ‡ 300 mg/dl) 39/505 (8) 20/391 (5) 60/924 (7)
Triglycerides ( ‡ 751 mg/dl) 16/503 (3) 21/388 (7) 37/919 (4)
LDL-cholesterol ( ‡ 190 mg/dl) 38/386 (10) 17/258 (7) 57/669 (9)
Total bilirubin elevation ( > 2.5 · ULN) 323/512 (63) 230/401 (57) 573/939 (61)
Creatinine ( > 2 · ULN) 7/302 (2) 6/242 (3) 13/544 (2)

Adverse events leading to discontinuation, n (%)
Patients with adverse events 82 (11) 55 (10) 138 (11)
Side effects (total of those listed below) 15 (2) 17 (3) 33 (3)

Cutaneous 13 (2) 8 (1) 21 (2)
Gastrointestinal 8 (1) 7 (1) 15 (1)
Liver/pancreas toxicity 6 (< 1) 2 (< 1) 8 (< 1)
Renal 5 (< 1) 2 (< 1) 7 (< 1)
Hyperbilirubinemia 7 (< 1) 5 (< 1) 12 (< 1)
Metabolic 6 (< 1) 0 (0) 6 (< 1)
Lipodystrophy 7 (< 1) 4 (< 1) 11 (< 1)
Otherd 15 (2) 10 (2) 25 (2)

aThirty-two patients with missing baseline HIV-1 RNA assessment using an assay precision of at least 500 copies/ml.
bPatients with at least one laboratory value above thresholds while on treatment.
cPatients with laboratory parameter values while on treatment. Toxicity grades were defined according to the Division of AIDS Table for

Grading the Severity of Adult and Pediatric Adverse Events.
dOther includes other clinical side effects, intolerance to treatment, hypersensitivity syndrome, neurologic side effects, other biological

toxicity, musculoskeletal, comorbidity.
LDL, low-density lipoprotein; ULN, upper limit of normal.
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assessment of the long-term outcomes of ATV/r-based regi-
mens in a real-life clinical setting. Thus, cohort studies provide
complementary information on patients who would other-
wise have been ineligible for participation in randomized
controlled trials.31 Moreover, carefully designed cohort
studies evaluated in tandem can yield results consistent with
those from randomized controlled trials.32,33

In this real-life ARV-experienced cohort over a follow-up
period of up to 5 years, ATV/r-containing regimens resulted
in sustained virologic suppression with a favorable rate of
discontinuation over time when compared to other cohort
studies, and a long-term safety profile consistent with that
previously observed in clinical trials. Thus, ATV/r-containing
regimens can be considered as an alternative treatment strategy
among ARV-experienced patients who need to switch therapy.
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