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Abstract

Objective—This article compares the effects of initiating three contemporary antiretroviral
therapy (ART) regimens on progression of carotid artery intima-media thickness (IMT) over 3
years.

Design—Randomized clinical trial.
Setting—Multicenter (26 institutions).

Patients—ART-naive HIV-infected individuals (n = 328) without known cardiovascular disease
or diabetes mellitus.

Intervention—Random assignment to tenofovir/emtricitabine along with atazanavir/ritonavir
(ATVIr), darunavir/ritonavir (DRV/r), or raltegravir (RAL).

Main outcome measures—Right-sided carotid IMT was evaluated by B-mode ultra-
sonography before ART initiation, and then after 48, 96, and 144 weeks. Comparisons of yearly
rates of change in carotid IMT used mixed-effects linear regression models that permitted not only
evaluation of the effects of ART on carotid IMT progression but also how ART-associated
changes in traditional risk factors, bilirubin, and markers of HIV infection were associated carotid
IMT progression.
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Results—HIV-1 RNA suppression rates were high in all arms (>85%) over 144 weeks. Modest
increases in triglycerides and non-high-density lipoprotein cholesterol levels were observed in the
protease inhibitor containing arms compared with decreases with RAL. In contrast, carotid IMT
progressed more slowly on ATV/r [8.2, 95% confidence interval (5.6, 10.8) um/year] than DRV/r
[12.9 (10.3, 15.5) pm/year, P = 0.013]; changes with RAL were intermediate [10.7 (9.2, 12.2) um/
year, P =0.15 vs. ATV/r; P = 0.31 vs. DRV/r]. Bilirubin and non-high-density lipoprotein
cholesterol levels appeared to influence carotid IMT progression rates.

Conclusion—In ART-naive HIV-infected individuals at low cardiovascular disease risk, carotid
IMT progressed more slowly in participants initiating ATV/r than those initiating DRV/r, with
intermediate changes associated with RAL. This effect may be due, in part, to hyperbilirubinemia.
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Introduction

The relative contributions of antiretroviral therapy (ART), traditional cardiovascular disease
(CVD) risk factors, inflammation, and immune activation on arterial injury and
atherosclerosis progression in HIV-infected individuals are not known [1]. Previous
observational studies, including studies of carotid intima-media thickness (IMT), have
suggested that patients with HIV infection are at increased risk for CVD [1,2]. Some studies
suggest that certain ART, including certain protease inhibitors and abacavir, may cause
increased CVD risk in patients with HIV infection [3,4]. However, differences in the
prevalence of CVD risk factors among individuals with HIV infection, which may partially
be related to ART, and the effects of persistent inflammation and immune activation may
also contribute to increased CVD risk among individuals with HIV [5,6].

Newer ART regimens have less adverse metabolic effects than older protease inhibitor-
based regimens. For example, both boosted darunavir (darunavir/ritonavir, DRV/r) and
boosted atazanavir (atazanavir/ritonavir, ATV/r) are associated with less adverse lipid
profiles, less insulin resistance, and less lipodystrophy than older protease inhibitor regimens
[7-9]. Similarly, raltegravir (RAL), an integrase inhibitor, has relatively neutral metabolic
effects [10,11]. These three modern ART regimens were directly compared for virologic,
tolerability and metabolic outcomes in AIDS Clinical Trials Group study A5257
(ClinicalTrials.gov: NCT00851799 and NCT00811954), a prospective, randomized trial
[12]. Previous comparisons of the arterial effects of ART have been limited by inclusion of
individuals who received prior ART. The present study — a predefined, prospective substudy
of A5257 — offered the unique opportunity to isolate the effects of three modern ART
regimens from the persistent effects of previous ART.

The primary objective of this study was to compare the effects of three contemporary ART
regimens on carotid IMT progression, a validated marker of carotid wall injury and future
CVD risk [13-15]. Carotid IMT is a common surrogate endpoint in clinical trials of CVD
reduction such as those using lipid-lowering and antihypertensive therapies [13-15].
Considering its antioxidant effects and the increased incidence of hyperbilirubinemia among
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individuals who take atazanavir, we also evaluated (post hoc) the effects of on-treatment
bilirubin levels on carotid IMT progression.

Materials and methods

Study design

Study A5260s, a substudy of AIDS Clinical Trial Group Study A5257, is a prospective,
longitudinal evaluation of ART-naive, HIV-infected individuals without known CVD,
diabetes mellitus, or use of lipid-lowering medications. Eligible A5257 participants were
randomized equally to one of the three regimens of tenofovir/emtricitabine along with
ATV/r, DRVIr, or RAL; randomization was stratified by screening HIV RNA level (>100
000 or <100 000 copies/ml) and Framingham 10-year Coronary Heart Disease Risk Score
(<6% or =6% risk). Substudy visits were scheduled at baseline, 4, 24, 48, 96, and 144 weeks
after treatment initiation. Final substudy visits could occur at any time between 112 and 144
weeks after treatment initiation. Study A5260s as well as its parent study, A5257, was
approved by the Institutional Review Boards of all 26 participating sites and all participants
provided written, informed consent (see Appendix A, http://links.lww.com/QAD/AT722).
Current use of statins, fish oil (>2 g/day), fibric acid derivatives, or niacin (>1000 mg/day)
was exclusionary at enrolment. Detailed inclusion and exclusion criteria for the study were
reported previously in our baseline, cross-sectional analysis [16].

Carotid artery ultrasonography

B-mode images of the distal right common carotid artery (CCA) and the right carotid artery
bifurcation were acquired with a high-resolution linear array ultrasound transducer with
simultaneous electrographic tracings before ART initiation, and then after 48, 96, and 112—
144 weeks [16]. The right CCA was imaged in cross-section and the transducer moved
laterally into the jugular vein so they were stacked with the vein displayed on top of the
artery. The transducer was rotated 90°, maintaining the jugular vein stacked above the CCA
and bifurcation while obtaining a longitudinal view of both the vessels, emphasizing the far
wall. Images were sent electronically to the University of Southern California
Atherosclerosis Research Unit Core Imaging and Reading Center for quality control and
interpretation by a single experienced technician. Carotid artery “lesions’ were defined as
focal regions of IMT of at least 1.5 mm. The CCA and bifurcation were measured with a
proprietary automated edge detection program. Paired ultrasound and phantom scans were
obtained at baseline, but within group, coefficient of variants was paired at baseline CCA.
The coefficients of variation for common carotid IMT scans and paired baseline carotid
bifurcation IMT scans were 1.09 and 1.27%, respectively [16].

Brachial artery reactivity assessments
Brachial artery flow-mediated dilation (FMD) was measured by ultrasound after induction
of reactive hyperemia by lower arm occlusion, prior to ART initiation, and then after 4, 24,
and 48 weeks, as described previously [16]. These scans were measured at the University of
Wisconsin Atherosclerosis Imaging Research Program Core Laboratory.
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Laboratory and biomarker assessments

Blood samples were obtained from participants who were required to fast for at least 8 h and
sent to core laboratories for analyses, as described previously [16]. Lipoproteins as well as
GlycA and GlycB were quantified by nuclear magnetic resonance spectroscopy at
LipoScience (Raleigh, North Carolina, USA). Inflammatory biomarkers were measured at
the University of Vermont Laboratory for Clinical Biochemistry on plasma stored at —70°C.
These measures included high-sensitivity C-reactive protein (hsCRP) by nephelometry
(Siemens BNII Nephelometer; Siemens Healthcare, Indianapolis, Indiana, USA),
interleukin-6, and D-dimer. Plasma markers of monocyte and immune activation (soluble
CD14 and CD163) were determined using ELISA (R&D Systems, Minnesota, USA).

Peripheral blood mononuclear cells were isolated and cryopreserved within 30 h of blood
collection. All specimens were stored in liquid nitrogen at —70°C. Immunophenotyping was
performed on cryopreserved peripheral blood mononuclear cells using multicolor flow
cytometry. The fluorochrome-conjugated antibodies used were anti-CD3 PE-Cy7 (clone
SK7), anti-CD8 APC (clone RPA-T8), anti-HLADR FITC (clone L243), anti-CD38 PE
(clone HB7), anti-CD14 APC (clone M5E2), anti-CD16 PE-Cy7 (clone 3G8) (BD
Biosciences, San Jose, California, USA, and Invitrogen, Carlsbad, California, USA).
Samples were acquired on an LSR-11 flow cytometer Fluorescence Minus One controls were
prepared on controls for each run. Monocytes were gated as DUMP (CD2, CD3, CD19,
CD20, and CD56) negative; HLADR-positive cells and proinflammatory monocytes were
characterized and expressed as proportional percentages (CD14*, CD16™) as previously
described. T-cell activation (CD4*CD38*DR* and CD8*CD38*DR*) was measured by flow
cytometry. Data were compensated and analyzed in FlowJo software, version 9.3.3
(Treestar, Ashland, Oregon, USA).

Sample size considerations and statistical analysis

The primary hypothesis was that progression of right CCA IMT would be faster over 144
weeks in participants initiating a ritonavir-boosted protease inhibitor-containing regimen
compared with a RAL-containing regimen. The target sample size of 110 participants/group
provided 80% power to detect a difference in the rate of CCA IMT progression between the
pooled-protease inhibitor regimens and RAL of 1.3 um/year. In the event of a significant
difference between ATV/r and DRV/r, the study was designed to examine all pairwise
treatment group comparisons.

Primary treatment group comparisons used an intention-to-treat approach; supportive
analyses were restricted to on-treatment and successfully treated populations (Fig. 1). All
analyses of IMT outcomes used mixed-effects linear regression model with random intercept
and slope and unstructured covariance matrix on the random effect and adjusted for
stratification factors. The treatment group effect of interest was the difference in the rate of
change (i.e., the slope) of IMT over time (i.e., the interaction between the treatment group
and time). Given randomization, the primary analysis included week 0 IMT in the outcome
vector; supportive analyses included only on-treatment outcomes and adjusted for baseline
IMT measure. Similar treatment group comparisons for the endothelial function week 24

AIDS. Author manuscript; available in PMC 2016 September 10.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stein et al.

Results

Page 5

change from baseline were conducted using linear regression with adjustment for week 0
baseline brachial artery diameter.

Associations between CCA IMT progression and traditional CVD risk factors, HIV-related
measures, and other biomarkers were examined in analyses restricted to the successfully
treated cohort to minimize confounding due to lack of control of HIV-1 viremia (Fig. 1).
Baseline and early on-treatment (week 24 or 48) biomarker effects on both the level and rate
of CCA IMT progression were included as continuous outcomes; time-updated proximal
effects were also examined. To explore the potential of treatment-mediated pathways,
analyses were also performed with adjustment for the treatment group. Attenuation of the
estimated treatment group differences would be expected if treatment group differences
were mediated by given biomarker changes.

To explore the potential that ATV/r-associated hyperbilirubinemia mediated the effects of
this regimen on CCA IMT progression, we examined how adjustment for bilirubin
elevations impacted the estimated treatment group differences. Specifically, early on-
treatment bilirubin levels were parameterized as binary cut points of 0.6, 0.8, and 1.0 mg/dl
and on a continuous scale [17].

Inference for all treatment comparisons was assessed against a type | error of 2.5% with
97.5% confidence intervals; all other inference was performed at a 5% type 1 error rate.
Analyses were performed using SAS Version 9.2 (Cary, North Carolina, USA).

Participant characteristics

The 334 participants in A5260s were similar to those enrolled in A5257 except for a smaller
proportion of females and blacks and slightly higher CD4* cell count (Supplemental Table
S1, http://links.lww.com/QAD/A722). Baseline participant characteristics for the 328
participants in the analysis population are in Table 1; no notable treatment group imbalances
were seen. The Framingham coronary heart disease risk was estimated to be at least 6%/10
years in 12% of participants; 13% had metabolic syndrome and 9% had carotid lesions at
baseline (6% ATVI/r, 8% RAL, 12% DRV/r). Eighty-four percent completed study follow-
up, and two participants died. Final CCA IMT scans occurred more than 112 weeks after
starting treatment; 88% (N = 288) had a baseline and at least 2 postentry scans.

HIV-1 RNA suppression rates were high in all arms throughout the study (>85% through
144 weeks). The virologic, immunologic, and metabolic responses to these regimens and
their side-effects in the parent study have been reported elsewhere [12]. As in the parent
study, modest and sustained increases in non-high-density lipoprotein (HDL) cholesterol and
triglycerides levels were observed with initiation of ATV/r and DRV/r that were maintained
over time, in contrast with decreases in these parameters observed with RAL [12]. There
were trends toward increasing use of lipid medications in all groups over the duration of the
study with similar numbers on statins (two to five per group) at the final visit.
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Effects of treatment on carotid intima-media thickness progression

Significant differences between treatment groups were noted in the annual rate of change of
the right CCA and bifurcation IMT values (Table 2, Fig. 1). Patients initiating ATV/r [8.2
(5.6, 10.8) um/year] progressed more slowly than those initiating DRV/r [12.9 (10.3, 15.5)
pum/year, P = 0.013]. There was intermediate progression for those initiating RAL [10.7 (9.2,
12.2) ym/year; P =0.15 vs. ATV/r; P = 0.31 vs. DRV/r]. The ATV/r benefit was more
pronounced in the on-treatment and successfully treated cohorts [6.6 (3.2, 10.0) um/year
with ATV/r compared with 12.8 (9.7, 15.9) um/year with DRV/r, P = 0.007, and 10.2 (8.3,
12.2) um/year with RAL, P = 0.044). Similar findings were seen in the carotid bifurcation
(Table 2, Fig. 1b).

Associations of longitudinal CCA IMT progression with baseline and early on-treatment risk
factors, plasma biomarkers (hsCRP, interleukin-6, D-dimer, sCD14, sCD163, GlycA, and
GlycB), and measures of cellular immune activation (%CD4*: CD38" HLADR™* T cells,
%CD8*: CD38*HLADR™ T cells, and %CD14* CD16™ monocytes) are shown in Table 3.
With the exception of weak evidence of associations suggesting faster CCA IMT
progression for higher levels of baseline HOMA-IR (P = 0.06) and hsCRP (P = 0.06), no
associations between CCA IMT progression and baseline risk factors or biomarkers were
apparent (P > 0.19). There was an association between faster CCA IMT progression and
higher on-treatment (week 24) levels of non-HDL cholesterol (P = 0.011). This association
did not change upon adjustment for treatment group and estimated treatment effects were
unchanged suggesting that the treatment group differences were not mediated through the
non-HDL cholesterol pathway. No other associations between CCA IMT progression and
early on-treatment or time-updated (proximal) levels of biomarkers were apparent (P > 0.12,
Table 3).

Effects of treatment on carotid artery lesions and brachial artery reactivity

New carotid lesions were uncommon. Among the 28 patients with evidence of lesions at
baseline, 22 patients (79%) were continually observed with evidence of lesions at every
study week thereafter. At the final visit, lesions were apparent in similar proportions among
28 patients (10% in the ATV/r, 15% in the DRV/r, and 7% in the RAL groups). Rates of
carotid IMT progression did not differ after 48 (P = 0.97) and 96 weeks (P = 0.97) based on
the presence or absence of carotid lesions.

FMD did not change significantly within any treatment arm (P > 0.35). No significant
differences in FMD between arms were noted at any study week (P > 0.28). More than half
of all patients in all treatment arms had changes in FMD within 2% at each study week, 61%
at week 4, 56% at week 24, and 59% at week 48. Changes in FMD after 4, 24, and 48 weeks
were not associated with 48 and 96-week changes in CCA IMT. Brachial artery diameters
remained stable over time in all treatment groups with median changes not exceeding 0.01
mm.

Effects of bilirubin elevations on carotid intima-media thickness progression

Bilirubin elevations are common during treatment with atazanavir. We hypothesized that the
antioxidant effect of asymptomatic increases in unconjugated bilirubin in the ATV/r may
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contribute to slower progression of carotid IMT [18]. As expected, total bilirubin levels
increased rapidly and remained elevated among individuals assigned to ATV/r
(Supplemental Figure S2, http://links.lww.com/QAD/AT722). In general, higher levels of on-
treatment bilirubin were associated with slower progression of CCA IMT (Table 4).
However, of all the analyses performed, the only effects that reached statistical significance
were the weeks 4 and 24 bilirubin levels using a binary cut point of 0.6 mg/dl (P = 0.021 and
0.027, respectively). Similar trends were seen for the higher cut points of 0.8 and 1.0 mg/dl;
however, these results did not achieve statistical significance (P > 0.12). Upon adjustment
for weeks 4 and 24 bilirubin levels using the 0.6 mg/dl cut point, the treatment group
differences in the rate of CCA IMT change between ATV/r and DRV/r as well as between
ATV/rand RAL were attenuated with a loss of the previously described statistical
significance for the DRV/r arm comparisons; this attenuation was not seen at the higher
thresholds (Table 4 and Supplemental Table S2, http://links.lww.com/QAD/A722).

Discussion

In this prospective, randomized clinical trial of 328 HIV-infected individuals beginning their
first ART regimen, we found that after 3 years, both CCA and carotid bifurcation IMT
progressed more slowly in participants initiating ATV/r than those initiating DRV/r, with
intermediate changes associated with RAL, despite more salutary lipid effects with RAL.
These differences were more pronounced in participants who remained successfully treated
on their randomized regimen for the study duration. The mean differences in carotid IMT
progression between the ATV/r and DRV/r are clinically relevant and on the order of one-
half to one-third the effect of statin therapy in patients with high cholesterol. Our data also
suggest that low-level hyperbilirubinemia may have affected CCA IMT progression and
mediated the ATV/r effect.

It is unclear whether differences in ART regimens or their metabolic effects influence CVD
risk, in large part because few randomized clinical trials assessing ART have had a
significant number of adverse CVD events due to the young age of the participants and short
duration of follow-up [1]. Thus, evaluating the effects of ART on surrogate endpoints that
predict adverse CVD events is necessary. This was the first prospective randomized clinical
trial to evaluate the effects of contemporary ART on carotid IMT, a proven surrogate of
CVD risk in clinical trials in individuals without HIV infection [13-15]. Patients were
followed for up to 144 weeks with high levels of drug compliance and data availability, and
although a greater number of participants discontinued ATV/r for tolerability than DRV/r
and RAL, the findings of our intention-to-treat analysis were strengthened in the setting of
successful treatment.

We chose carotid IMT progression as a primary endpoint for this study because it is a well
established surrogate for CVD risk and for evaluating the arterial and CVD risk effects of
preventive therapies such as lipid-lowering and antihypertensive medications [13-15].
Although a recent meta-regression suggested that carotid IMT progression is not a strong
marker of CVD risk in observational studies [19], in clinical trials, a recent meta-analysis
demonstrated that for each 10 um/year slower rate of carotid IMT, there was an 18% lower
odds for myocardial infarction [14]. Statin therapy was also associated with a 12 um/year
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lower rate of carotid IMT progression and a 52% reduction in CVD events [13]. These
findings strongly support use of change in carotid IMT as a surrogate endpoint of changes in
CVD risk in treatment intervention studies.

Our finding of a benefit of ATV/r over DRV/r was unexpected. In fact, A5260s was
originally designed with the assumption of no difference in carotid IMT progression
between ATV/r and DRV/r and that these arms would be pooled for comparison with
participants assigned to receive RAL. On assessment for baseline and on-treatment risk
factors and biomarkers associated with carotid IMT progression, statistically significant
associations were detected only with early (week 24) non-HDL cholesterol levels and total
blood bilirubin higher than 0.6 mg/dl. Furthermore, the adjustment for on-treatment
differences impacted the estimated treatment group difference only for bilirubin levels.
Although the bilirubin analyses were exploratory, post hoc, and limited by almost
nonoverlapping bilirubin distributions between the ATV/r compared with the DRV/r and
RAL groups, it is plausible that the ATV/r benefit was mediated by bilirubin. Bilirubin is an
antioxidant that improves endothelial function and retards progression of atherosclerosis
[20,21]. In a recent report from the National Health and Nutrition Examination Survey, total
bilirubin levels were associated with total mortality in the United States and values above
0.6 as well as values below 0.4 mg/dl were significantly associated with mortality in models
fully adjusted for, among other factors, CVD, diabetes mellitus, cancer, use of certain
medications, kidney function, and liver function as well as smoking, alcohol, and BMI [17].
Owing to the fact that atherosclerosis involves arterial oxidative stress, bilirubin has been
considered a possible target for as an antiatherosclerotic agent. Further supporting this
observation is our on-treatment analysis that biases the study population toward individuals
with long-term ATV/r and thus bilirubin exposure; it suggested an even greater ATV/r
benefit.

In this study, starting ART was not associated with improvements in FMD after 4, 24, and
48 weeks. A previous randomized clinical trial of ART-naive individuals randomized to
receive three class-sparing older ART regimens demonstrated significant endothelial
dysfunction that improved after 4 and 24 weeks in all ART arms with successful treatment
[22]. There were notable differences between participants in A5152s and our study with the
appearance that our participants were healthier. Compared with those in A5152s, our
participants, prior to ART initiation, had higher FMD (4.5 vs. 3.7%). Indeed, the FMD in
our study was similar to that observed after 4 weeks of ART in A5152s. Our participants
also had higher average measures of HDL cholesterol (39 vs. 31 mg/dl) and CD4" cell count
(349 vs. 245 cells/ul), and lower HIV RNA levels (4.5 vs. 4.8 logyg copies/ml). Of note, a
more recent cross-sectional study also demonstrated that neither use of ATV/r nor total
bilirubin levels were associated with improved FMD in ART-treated and suppressed
individuals [23].

As there was no ART-experienced control group, the generalizability of our findings to
ART-experienced patients is uncertain. As there were no HIV-infected but untreated
patients, regression to the mean for the FMD results cannot be excluded. The participants in

AIDS. Author manuscript; available in PMC 2016 September 10.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stein et al.

Page 9

the study on average were young, at low CVD risk, and only 10% were females, so
generalizability to older patients, especially women, may be limited. Nevertheless, this is the
largest report with the longest follow-up describing, to date, the effects of modern ARTon
CVD risk among treatment-naive HIV-infected individuals. This study is relatively small
and underpowered to detect modest risk factor associations with carotid IMT progression as
well as the effects of elevated bilirubin levels among individuals receiving ATV/r. The large
number of sites may also have introduced variability into the measures of carotid IMT and
FMD and may have obscured some relationships; however, markers of variability were
excellent. As few individuals in the RAL and DRV/r groups had extreme bilirubin
elevations and because treatment group and extreme bilirubin elevations were collinear,
these associations require cautious interpretation. These caveats, as well as the absence of a
large distribution of bilirubin levels within the ATV/r group precluded our ability to
definitively establish whether bilirubin elevations contributed to the effect of atazanavir on
progression of carotid IMT.

Conclusion

Among treatment-naive individuals, carotid IMT progresses more slowly on ATV/r than
DRV/r, with intermediate changes in individuals receiving RAL, despite its more salutary
lipid effects. Low-level hyperbilirubinemia seems to affect carotid IMT progression and
may mediate some of the effect of ATV/r on IMT progression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

Because of the extensive list of contributors, collaborators, and funding agencies, these have been listed in
Appendix A, http://links.lww.com/QAD/AT722.

References

1. Stein JH, Currier JS, Hsue PY. Arterial disease in patients with human immunodeficiency virus
infection: what has imaging taught us? JACC Cardiovasc Imaging. 2014; 7:515-525. [PubMed:
24831212]

2. Hulten E, Mitchell J, Scally J, Gibbs B, Villines TC. HIV positivity, protease inhibitor exposure and
subclinical atherosclerosis: a systematic review and meta-analysis of observational studies. Heart.
2009; 95:1826-1835. [PubMed: 19632982]

3. Worm SW, Sabin C, Weber R, Reiss P, El Sadr W, Dabis F, et al. Risk of myocardial infarction in
patients with HIV infection exposed to specific individual antiretroviral drugs from the 3 major drug
classes: the data collection on adverse events of anti-HIV drugs (D:A:D) study. J Infect Dis. 2010;
201:318-330. [PubMed: 20039804]

4. Lang S, Mary-Krause M, Cotte L, Gilquin J, Partisani M, Simon A, et al. Impact of individual
antiretroviral drugs on the risk of myocardial infarction in human immunodeficiency virus-infected
patients: a case-control study nested within the French Hospital Database on HIVV ANRS cohort
COA4. Arch Intern Med. 2010; 170:1228-1238. [PubMed: 20660842]

5. Stein JH, Hsue PY. Inflammation, immune activation, and CVD risk in individuals with HIV
infection. J Am Med Assoc. 2012; 308:405-406.

AIDS. Author manuscript; available in PMC 2016 September 10.


http://links.lww.com/QAD/A722

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stein et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Page 10

. Triant VA, Meigs JB, Grinspoon SK. Association of C-reactive protein and HIV infection with

acute myocardial infarction. J Acquir Immune Defic Syndr. 2009; 51:268-273. [PubMed:
19387353]

. Aberg JA, Tebas P, Overton ET, Gupta SK, Sax PE, Landay A, et al. Metabolic effects of darunavir/

ritonavir versus atazanavir/ritonavir in treatment-naive, HIV type 1-infected subjects over 48 weeks.
AIDS Res Hum Retroviruses. 2012; 28:1184-1195. [PubMed: 22352336]

. Ortiz R, DeJesus E, Khanlou H, VVoronin E, van Lunzen J, Andrade-Villanueva J, et al. Efficacy and

safety of once-daily darunavir/ritonavir versus lopinavir/ritonavir in treatment-naive HIV-1-infected
patients at week 48. AIDS. 2008; 22:1389-1397. [PubMed: 18614861]

. Hill A, Sawyer W, Gazzard B. Effects of first-line use of nucleo-side analogues, efavirenz, and

ritonavir-boosted protease inhibitors on lipid levels. HIV Clin Trials. 2009; 10:1-12. [PubMed:
19362991]
Lennox JL, DeJesus E, Berger DS, Lazzarin A, Pollard RB, Ramalho Madruga JV, et al.
Raltegravir versus efavirenz regimens in treatment-naive HIV-1-infected patients: 96-week
efficacy, durability, subgroup, safety, and metabolic analyses. J Acquir Immune Defic Syndr.
2010; 55:39-48. [PubMed: 20404738]

Rockstroh JK, Lennox JL, DeJesus E, Saag MS, Lazzarin A, Wan H, et al. Long-term treatment
with raltegravir or efavirenz combined with tenofovir/emtricitabine for treatment-naive human
immunodeficiency virus-1-infected patients: 156-week results from STARTMRK. Clin Infect Dis.
2011, 53:807-816. [PubMed: 21921224]

Lennox JL, Landovitz RJ, Ribaudo HJ, Ofotokun I, Na LH, Godfrey C, et al. Efficacy and
tolerability of 3 nonnucleoside reverse transcriptase inhibitor-sparing antiretroviral regimens for
treatment-naive volunteers infected with HIV-1: a randomized, controlled equivalence trial. Ann
Intern Med. 2014; 161:461-471. [PubMed: 25285539]

Espeland MA, O'Leary DH, Terry JG, Morgan T, Evans G, Mudra H. Carotid intimal-media
thickness as a surrogate for cardiovascular disease events in trials of HMG-CoA reductase
inhibitors. Curr Control Trials Cardiovasc Med. 2005; 6:3. [PubMed: 15760471]

Goldberger ZD, Valle JA, Dandekar VK, Chan PS, Ko DT, Nallamothu BK. Are changes in
carotid intima-media thickness related to risk of nonfatal myocardial infarction? A critical review
and meta-regression analysis. Am Heart J. 2010; 160:701-714. [PubMed: 20934565]

Hodis H, Mack W, LaBree L, Selzer R, Liu C, Liu C, et al. The role of carotid arterial intima-
medial thickness in predicting clinical coronary events. Ann Intern Med. 1998; 128:262—269.
[PubMed: 9471928]

Stein JH, Brown TT, Ribaudo HJ, Chen Y, Yan M, Lauer-Brodell E, et al. Ultrasonographic
measures of cardiovascular disease risk in antiretroviral treatment-naive individuals with HIV
infection. AIDS. 2013; 27:929-937. [PubMed: 23196938]

Ong KL, Allison MA, Cheung BM, Wu BJ, Barter PJ, Rye KA. The relationship between total
bilirubin levels and total mortality in older adults: the United States National Health and Nutrition
Examination Survey (NHANES) 1999-2004. PL0oS One. 2014; 9:e94479. [PubMed: 24728477]

Culley CL, Kiang TK, Gilchrist SE, Ensom MH. Effect of the UGT1A1M28 allele on
unconjugated hyperbilirubinemia in HIV-positive patients receiving atazanavir: a systematic
review. Ann Pharmacother. 2013; 47:561-572. [PubMed: 23548653]

Lorenz MW, Polak JF, Kavousi M, Mathiesen EB, Volzke H, Tuomainen TP, et al. Carotid intima-
media thickness progression to predict cardiovascular events in the general population (the PROG-
IMT collaborative project): a meta-analysis of individual participant data. Lancet. 2012;
379:2053-2062. [PubMed: 22541275]

Antoniades C, Cunnington C, Antonopoulos A, Neville M, Margaritis M, Demosthenous M, et al.
Induction of vascular GTP-cyclohydrolase | and endogenous tetrahydrobiopterin synthesis protect
against inflammation-induced endothelial dysfunction in human atherosclerosis. Circulation. 2011,
124:1860-1870. [PubMed: 21969008]

Dekker D, Dorresteijn MJ, Pijnenburg M, Heemskerk S, Rasing-Hoogveld A, Burger DM, et al.
The bilirubin-increasing drug atazanavir improves endothelial function in patients with type 2
diabetes mellitus. Arterioscler Thromb Vasc Biol. 2011; 31:458-463. [PubMed: 21088253]

AIDS. Author manuscript; available in PMC 2016 September 10.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Stein et al. Page 11

22. Torriani FJ, Komarow L, Parker RA, Cotter BR, Currier JS, Dube MP, et al. Endothelial function
in human immunodeficiency virus-infected antiretroviral-naive subjects before and after starting
potent antiretroviral therapy: The ACTG (AIDS Clinical Trials Group) Study 5152s. J Am Coll
Cardiol. 2008; 52:569-576. [PubMed: 18687253]

23. Hileman C, Longenecker C, Carman T, Milne G, Labbato DE, Storer N, et al. Relationship
between total bilirubin and endothelial function, inflammation and oxidative stress in HIV-infected
adults on stable antiretroviral therapy. HIV Med. 2012; 13:609-616. [PubMed: 22624591]

AIDS. Author manuscript; available in PMC 2016 September 10.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Stein et al.

a.

Change in Common Carotid Artery Intima-Media Thickness Progression by Study
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Fig. 1.

(a) Change in common carotid artery intima-media thickness progression by study week
(intention to treat). (b) Change in carotid artery bifurcation intima-media thickness
progression by study week (intention to treat). Point estimates and error bars give mean and
95% confidence intervals, respectively. ATV/r, atazanavir/ritonavir; DRV/r, darunavir/

Study week

ritonavir; RAL, raltegravir.
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Baseline characteristics by treatment group.

Table 1

Page 13

Treatment group

Characteristics® Overall (N=328) ATV/r(N=109) RAL(N=106) DRV/r(N=113)
Sex

Men 294 (90%) 99 (91%) 94 (89%) 101 (89%)

Women 34 (10%) 10 (9%) 12 (11%) 12 (11%)
Age (years) 36 (28, 45) 37 (31, 45) 36 (27, 44) 35 (27, 46)
Race/ethnicity

Non-hispanic white 144 (44%) 53 (49%) 43 (41%) 48 (42%)

Non-hispanic black 105 (32%) 34 (31%) 34 (32%) 37 (33%)

Hispanic 65 (20%) 20 (18%) 20 (19%) 25 (22%)

Asian/other/more than one race 13 (4%) 2 (2%) 8 (8%) 3 (3%)
10-year risk of hard coronary artery disease® (%)

Low (<6%) 289 (88%) 96 (88%) 96 (91%) 97 (86%)

Medium/high (=6%) 39 (12%) 13 (12%) 10 (9%) 16 (14%)
HIV-1 RNA (log;, copies/ml) 45(4.0,5.1) 4.6(4.0,5.1) 45(4.1,5.1) 45(4.0,4.9)

CD4* cell count (cells/pl)

SBP (mmHg)
DBP (mmHg)

Fasting total cholesterol (mg/dl)
Fasting triglycerides (mg/dl)

Fasting HDL cholesterol (mg/dl)
Fasting non-HDL cholesterol (mg/dl)

Calculated fasting low-density lipoprotein cholesterol

(mg/dl)
BMI (kg/m?)

Waist circumference (cm)

Metabolic syndrome

Current smoker

Total bilirubin (mg/dl)

Brachial artery diameter (mm)

Brachial artery flow-mediated dilation (%)
Common carotid artery IMT (um)

Carotid artery bifurcation IMT (um)

Evidence of carotid lesions

349 (203, 455)
117 (108, 125)
74 (68, 80)
152 (133, 177)
107 (78, 151)
37 (31, 45)
112 (94, 136)
89 (73, 109)

25 (22, 28)
88 (81, 98)
44 (13%)
124 (38%)
0.50 (0.40, 0.60)
0.43 (0.39, 0.46)
45(3.0,6.3)
0.65 (0.59, 0.70)
0.74 (0.65, 0.82)
28 (9%)

350 (211, 461)
117 (107, 124)
74 (68, 80)
153 (134, 178)
114 (86, 160)
36 (32, 43)
114 (96, 142)
91 (69, 109)

26 (23, 29)
92 (81, 100)
16 (15%)

44 (40%)
0.50 (0.40, 0.60)
0.43 (0.39, 0.46)
4.4(32,6.3)
0.66 (0.59, 0.72)
0.74 (0.65, 0.81)
7 (6%)

343 (185, 445)
117 (107, 125)
74 (68, 80)
150 (135, 178)
105 (76, 150)
39 (32, 45)
111 (97, 136)
89 (74, 110)

24 (22, 28)
89 (82, 96)
14 (13%)

39 (37%)
0.45 (0.30, 0.60)
0.43 (0.39, 0.46)
43(2.6,5.9)
0.64 (0.58, 0.69)
0.72 (0.64, 0.83)
8 (8%)

355 (207, 461)
117 (108, 125)
76 (68, 80)
150 (131, 172)
98 (74, 133)
37 (30, 47)
111 (89, 131)
88 (71, 107)

24 (22, 27)
86 (81, 95)
14 (12%)

41 (36%)
0.40 (0.40, 0.60)
0.43 (0.39, 0.46)

45 (3.1, 6.6)
0.64 (0.59, 0.70)
0.74 (0.66, 0.83)

13 (12%)

ATV/r, atazanavir/ritonavir; DRV/r, darunavir/ritonavir; HDL, high-density lipoprotein; IMT, intima-media thickness; RAL, raltegravir. All lipid

panel measures are from samples that were centrally tested.
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Table 2

Page 14

Annualized rate of change in common carotid artery and carotid artery bifurcation intima-media thickness by

treatment group and treatment group comparisons.

CCA IMT (um/year)a,c CCA IMT (pm/year)a,d CCA IMT (um/year)b,d

Carotid bifurcation IMT

(pm/year)a,C

Estimated progression rate by treatment group (95% confidence intervals)C

P P P P
ATVIr 8.2 (5.6, 10.8) <0.001 7.9 (5.2, 10.6) <0.001 6.6 (3.2, 10.0) <0.001 8.7 (5.6, 11.8) <0.001
DRVIr 12.9 (10.3,15.5) <0.001 12.6 (9.8, 15.3) <0.001 12.8(9.7,15.9) <0.001 14.7 (11.6,17.8) <0.001
RAL 10.7(9.2,12.2)  <0.001 10.4 (8.7,12.1) <0.001 10.2(8.3,12.2) <0.001 11.5(9.7,13.3) <0.001
Estimated difference (first minus second arm) in progression rate (97.5% confidence intervalls)c

P P P P
ATVIrvs.DRV/r -4.7(-8.9,-0.4) 0.013 -6.0 (-11.0,-1.0)  0.007 -4.7(-9.0,-0.5) 0.013 -6.2 (-11.3,-1.1)  0.007
ATV/rvs.RAL  -28(-7.0,15) 015 —23(-74,27) 030 —27(-7.0,15) 015 -46(-9.7,05)  0.044
DRVI/r vs. RAL 1.9(-2.4,62) 031 37(-1.4,87) 011 2.0(-23,63) 030 1.6 (-3.3,6.5) 0.46

ATV/r, atazanavir/ritonavir; CCA, common carotid artery; DRV/r, darunavir/ritonavir; IMT = intima-media thickness; RAL, raltegravir.

al ntention to treat.
b
Successfully treated cohort.

c . . . .
Analyses adjusted for screening HIV-1 RNA level and Framingham risk scores.

d . . . . .
Analyses adjusted for screening HIV-1 RNA level and Framingham risk scores and baseline CCA IMT (um).
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Table 3

Page 15

Longitudinal common carotid artery intima-media thickness associations with baseline and week 24 or 48

biomarker in successfully treated population.

Additional annualized rate of IMT (um/year) per unit change in biomarker (95% confidence interval)

. . a
Baseline biomarker

Week 24 or 48 biomarkerb

P

P

Homeostasis model assessment of insulin resistance (logyo)
Non-high-density lipoprotein cholesterol (per 30mg/dl)
D-dimer (logyo pg/ml)

High sensitivity C-reactive protein (log;o p/ml)
Interleukin-6 (logyq pg/ml)

Soluble CD14 (logy ng/ml)

Soluble CD163 (logy ng/ml)

GlycA (umol/l)

GlycB (umol/l)

%CD4*: CD38*HLADR* T cells

%CD8*: CD38*HLADR* T cells

%CD14*CD16™ monocytes

5.27 (-0.29, 10.83)
1.24 (-0.62, 3.09)
1.97 (-2.10, 6.04)
3.93 (~0.18, 8.04)
254 (-4.29, 9.37)
3.03 (-14.75, 20.81)
4,93 (-3.36,13.22)
-0.00 (-0.03, 0.02)
0.03 (-0.04, 0.11)
-0.07 (-0.20, 0.06)
-0.05 (-0.18, 0.08)
-0.05 (-0.25, 0.15)

0.06
0.19
0.34
0.06
0.46
0.74
0.24
0.94
0.37
0.28
0.45
0.63

1.56 (-3.63, 6.74)
2.22 (052, 3.93)
1.08 (-2.92, 5.08)
~0.96 (-4.29, 2.37)
-2.27 (-6.53, 1.98)
4.37 (-14.39, 23.12)
0.36 (~10.92, 11.64)
-0.01 (~0.03, 0.02)
0.03 (-0.03, 0.09)
-0.15 (-0.34, 0.05)
-0.12 (-0.28, 0.03)
0.02 (-0.14, 0.17)

0.55
0.011
0.60
0.57
0.29
0.65
0.95
0.67
0.41
0.15
0.12
0.83

IMT, intima-media thickness.

aAnalyses adjusted for screening HIV-1 RNA level and Framingham risk scores, baseline common carotid artery intima-media thickness (um), and

baseline biomarker.

Analyses adjusted for screening HIV-1 RNA level and Framingham risk scores and baseline common carotid artery intima-media (um).
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Table 4

Longitudinal common carotid artery intima-media thickness associations with weeks 4 and 24 total bilirubin
levels in successfully treated population.

Difference in annual rate of change (um/year) with 95% confidence interval

Bilirubin level at week 42 P
Continuous (mg/dl) -0.79 (-2.77, 1.19) 0.43
> vs. 0.6 -4.49 (-8.30, -0.67) 0.021
>vs. <0.8 -2.37 (-6.47, 1.72) 0.25
>vs. <1.0 -3.35(-7.68, 0.98) 0.13

Bilirubin level at week 242 P
Continuous (mg/dl) -1.13 (-2.95, 0.69) 0.22
>vs. <0.6 -4.21 (-7.95, -0.47) 0.027
>vs. <0.8 —-2.61 (-6.67, 1.46) 0.21
>vs. <1.0 -3.38 (~7.65, 0.88) 0.12

CCA, common carotid artery.

a . . . . . i L
Analyses adjusted for screening HIV-1 RNA level and Framingham risk scores and baseline CCA intima-media thickness (um).
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