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M A J O R A R T I C L E H I V / A I D S

Changes in Inflammation and Immune
Activation With Atazanavir-, Raltegravir-,
Darunavir-Based Initial Antiviral Therapy:
ACTG 5260s

Theodoros Kelesidis,1 Thuy Tien T. Tran,2 James H. Stein,3 Todd T. Brown,4 Carlee Moser,2 Heather J. Ribaudo,2

Michael P. Dube,5 Robert Murphy,6 Otto O. Yang,1 Judith S. Currier,1 and Grace A. McComsey7,8

1David Geffen School of Medicine at the University of California, Los Angeles; 2Center for Biostatistics in AIDS Research, Harvard T.H. Chan School of
Public Health, Boston, Massachusetts; 3University of Wisconsin School of Medicine and Public Health, Madison; 4Johns Hopkins University, Baltimore,
Maryland; 5Keck School of Medicine at the University of Southern California, Los Angeles; 6Northwestern University, Evanston, Illinois; 7Case Western
Reserve University School of Medicine, Cleveland, Ohio; and 8University Hospitals Case Medical Center, Cleveland, Ohio

Background. It is unclear whether the integrase inhibitor raltegravir (RAL) reduces inflammation and immune
activation compared with ritonavir-boosted protease inhibitors (PIs).

Methods. In a prospective, randomized, multicenter clinical trial that included 328 human immunodeficiency
type 1 (HIV-1)–infected, treatment-naive participants were randomized to receive tenofovir disoproxil fumarate-
emtricitabine (TDF/FTC) plus atazanavir/ritonavir (ATV/r), darunavir/ritonavir (DRV/r), or RAL. A total of 234
participants (71%) with HIV-1 RNA levels <50 copies/mL by week 24 were included. Plasma biomarkers of inflam-
mation and coagulation that were analysed included high-sensitivity C-reactive protein, interleukin-6 (IL-6), GlycA,
D-dimer, soluble CD14 (sCD14), sCD163, and sIL-2r; blood cellular markers included %CD38+DR+ of T-cell subsets
and %CD14+CD16+ and%CD14(dim)CD16+ monocyte subsets. Changes from baseline were examined at earlier (24
or 48 weeks) and later (96 weeks) time points, with 95% confidence intervals on fold-change. Pairwise treatment groups
were compared using Wilcoxon rank sum tests, with P values adjusted for false discovery rate control.

Results. Changes in biomarkers varied by regimen during the 96 weeks of follow-up as follows: hsCRP declined
with ATV/r and RAL, IL-6 declined only with RAL, and GLycA decreased in all groups. D-dimer declined with ATV/r
and DRV/r and was unchanged with RAL. Markers of T-cell activation and sCD163 (but not sCD14 and
CD14-+CD16+) declined in all groups.

Conclusions. Despite some differences in specific markers of inflammation and immune activation between the
antiretroviral therapy (ART) regimens, we found no consistent evidence that the reduction of inflammation and im-
mune activation with ART initiation was different between RAL and PI-based regimens.

Clinical Trials Registration. NCT00811954 and NCT00851799.

Keywords. protease inhibitors; integrase inhibitors; human immunodeficiency virus; inflammation; immune
activation.

Human immunodeficiency virus type 1 (HIV-1) infec-
tion is characterized by a state of inflammation and

immune activation that persists despite suppressive
antiretroviral therapy (ART) and may contribute to
the development of end-organ disease [1, 2]. Persistent
immune activation in HIV-infected persons on ART
may be the result of 1 or more drivers of increased in-
flammation, such as microbial translocation through
a damaged gut [3], coinfections [4], persistence of
HIV replication in sanctuary sites, and/or abnormal
production of bioactive lipids [5] and homeostatic cyto-
kines [6].
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Recently, biomarkers of inflammation (including interleu-
kin-6 [IL-6], high-sensitivity C-reactive protein [hsCRP], and
soluble CD14 [sCD14]) and coagulation (D-dimer) have been
shown to correlate with all-cause mortality in HIV-1 infection
[7–9]. Thus, there is increased interest to examine these bio-
markers as predictors of clinical outcomes in this population
[7–9]. Macrophage activation markers of sCD14 and soluble
CD163 (sCD163) and the proinflammatory monocyte subsets,
including nonclassical (or patrolling, CD14(dim)CD16+) and
intermediate (CD14+CD16+) monocytes, have also been linked
to cardiovascular disease (CVD) risk in HIV-1–infected per-
sons [10–13]. T-cell activation (particularly CD38 expression
on the CD8+ subset) is the best-defined correlate of mortality
and disease progression in untreated HIV-1–infected persons
[14]. Emerging evidence suggests that protein glycans such as
GlycA, a novel biomarker of protein glycan N-acetyl groups,
play a possible role in CVD and inflammation; however, their
role in HIV-1 infection remains unknown [15]. Thus, further
study of changes in biomarkers of systemic inflammation and
immune activation during effective ART may enhance our
understanding of the pathogenesis of end-organ disease in
HIV-1–infected persons.

Understanding how different initial ART regimens reduce
chronic immune activation in treated HIV-1 infection is an on-
going research priority. Several studies have shown a significant
reduction in markers of microbial translocation in people ran-
domized to raltegravir (RAL) compared with people randomi-
zed to nonnucleoside reverse transcriptase inhibitors (NNRTIs)
[16–18]. However, prior switch and intensification studies with
RAL have not consistently demonstrated reduced low-level viral
replication or changes in systemic inflammation and immune
activation [19, 20].

Our objective in this study was to characterize and evaluate
longitudinally the changes in biomarkers of inflammation and
immune activation among treatment-naive individuals under-
going randomized ART initiation with an integrase-based reg-
imen containing RAL or a protease inhibitor–based regimen
containing either atazanavir/ritonavir (ATV/r) or darunavir/ri-
tonavir (DRV/r). Our study was part of the AIDS Clinical Trials
Group (ACTG) A5260s, a prospective, metabolic substudy of
the clinical trial ACTG A5257 [21].

METHODS

Study Design and Participants
ACTG A5260s was a substudy of ACTG 5257, a prospective, 14-
week longitudinal evaluation of 328 HIV-infected, ART-naive
persons aged ≥18 years without known CVD or diabetes mel-
litus, uncontrolled thyroid disease, or use of lipid-lowering
medications. The design of this substudy has been previously
reported [22, 23]. Participants were randomized equally to 1

of 3 regimens of tenofovir disoproxil fumarate-emtricitabine
(TDF/FTC) plus ATV/r, DRV/r, or RAL. Randomization was
stratified by screening HIV-1 RNA level (>100 000 or ≤100 000
copies/mL) and Framingham 10-year coronary heart disease risk
score (<6% or≥6% risk). The virologic, tolerability, and metabol-
ic outcomes of these regimens were previously reported in A5257
[21]. The institutional review boards at all participating institu-
tions approved the parent study and substudy (clinicalTrials.
gov identifier: NCT00811954 and NCT00851799), and all partic-
ipants provided written informed consent.

In this preplanned biomarker study, we were interested in
understanding how markers of inflammation and immune acti-
vation change in response to successful ART. The A5260s pop-
ulation was restricted to the subset of virologically suppressed
individuals. This cohort included participants who remained
on randomized treatment throughout the substudy follow-up
with no ART interruptions longer than 7 days and who
achieved HIV-1 RNA suppression of <50 copies/mL by study
week 24 and thereafter.

Biomarker and Laboratory Assessment
Blood samples were drawn at study entry prior to ART initia-
tion and after 24, 48, 96, and 144 weeks on treatment. All blood
samples were sent to core laboratories for processing. Plasma
biomarkers were measured at the University of Vermont Labo-
ratory for Clinical Biochemistry Research (Burlington) on
batched plasma samples that were stored at −70°C. The samples
had not been previously thawed and included hsCRP by
nephelometry (interassay coefficient of variation (CV) range,
2.96%–6.24%), D-dimer with immunoturbidometric methods,
and soluble IL-2 receptor (sIL-2R), sCD14, sCD163, and IL-6
by enzyme-linked immunosorbent assay (interassay CV for all
range, 4.14%–14.07%). GlycA was quantified by nuclear mag-
netic resonance (NMR) spectroscopy at LipoScience (Raleigh,
North Carolina). Intra- and interassay CVs were 1.9% and
2.6%, respectively.

Peripheral blood mononuclear cells (PBMCs) were isolated
and cryopreserved for later analysis according to standard
ACTG protocol [21]. Immunophenotyping was performed on
these PBMCs using multicolor flow cytometry. The fluoro-
chrome-conjugated antibodies (all from BD Biosciences, San
Jose, California) were anti-CD3 phycoerythrin (PE)-Cy7 (clone
SK7), anti-CD4 V450 (clone RPA-T4), anti-CD8 allophycocya-
nin (APC) (clone RPA-T8), anti-CD8 APC-Cy7 (clone SK1),
anti-HLA-DR fluorescein isothiocyanate (clone L243), anti-
CD38 PE (clone HB7), anti-CD14 APC (clone M5E2), and
anti-CD16 PE-Cy7 (clone 3G8). Monocytes were identified as
dump-gate (CD2, CD3, CD19, CD20, and CD56) negative
and HLA-DR positive. Monocyte subpopulations were charac-
terized as nonclassical (patrolling, CD14(dim)/CD16+) and in-
termediate (CD14+CD16+). CD4+ and CD8+ T-cell activation
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was determined as HLA-DR+CD38+. All samples had >75% vi-
ability; only live cells (as defined by 7-amino-actinomycin D
negative staining) were included. An LSR-II flow cytometer
(BD Biosciences) was used for all measurements, and data
were analyzed using FlowJo software, version 9.3.3 (Treestar,
Ashland, Oregon).

Statistical Analyses
Our primary objective was to characterize and compare changes
in biomarkers of systemic inflammation and immune activa-
tion. Biomarkers were analyzed using all available measures at
study entry (baseline) and further examined at weeks 24 and 96
(cellular markers), weeks 48 and 96 (plasma markers), and
week 48 (GlycA). Measures outside the assay quantification lim-
its were imputed at the respective limit. Biomarker changes over
time were calculated as the mean difference of the on-treatment
level compared with baseline on the log10 scale and back-
transformed to represent mean fold-change from baseline.
Evidence for change over time was assessed according to the
bounds of the 95% confidence interval (CI), with 1 indicating
no change. Shifts in the distribution of changes from baseline
for all pairwise treatment group comparisons were evaluated
using Wilcoxon rank sum tests and described as relative fold-
change. While nominal P values are presented, P values

adjusted using Benjamini–Hochberg methods to control the
false discovery rate (FDR) are also provided [24], given the mul-
tiple comparisons across the multiple biomarkers for each study
week. To provide additional error-rate control for the 3 pairwise
comparisons, effect sizes are presented with 97.5% CIs and in-
ference was guided by an FDR of 2.5%. Of note, since the study
was not powered to detect effect sizes with such adjustment for
multiple comparisons, consistency, direction, and magnitude of
the effect sizes over time in conjunction with the nominal P val-
ues were considered in order to help distinguish true and false-
positive findings. All analyses were performed with SAS, version
9.2 (SAS Institute, Cary, North Carolina).

RESULTS

Baseline Characteristics
Baseline demographic characteristics of the 328 participants
from the A5260s study population were previously described
[22, 23]. The 234 participants (71%) included in the virologi-
cally suppressed population for this analysis had similar baseline
demographic characteristics across treatment groups (Figure 1,
Table 1). A smaller sample size for the ATV/r group was driven
by a higher rate of tolerability failure that was observed in this

Figure 1. Study flow diagram. Abbreviations: ATV/r, atazanavir/ritonavir; DRV/r, darunavir/ritonavir; RAL, raltegravir.
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group [21]. Median age was 36 years; 90% were men; and 48%
were white, 29% were black, and 19% were Hispanic. Median
CD4+ cell count was 338 cells/mm3 and median HIV-1 RNA
was 4.6 log10 copies/mL. Baseline levels of all biomarker param-
eters are presented in Table 1; no notable differences are appar-
ent when the distributions and proportions are examined by
treatment group.

Changes in Markers of Systemic Inflammation and Coagulation
Sustained decreases from baseline in hsCRP levels were evident
with ATV/r and RAL. Specifically, levels at 96 weeks were on
average approximately 35% lower than baseline levels. A persis-
tent decline in IL-6 from baseline was apparent only in the RAL
group. While decreases in IL-6 were observed over 48 weeks
with ATV/r, these decreases were not apparent over 96 weeks.
Changes from baseline in hsCRP and IL-6 were not observed

with DRV/r. In contrast, while consistent decreases in D-
dimer were seen with ATV/r and DRV/r, week 96 levels were
on average 50% and 35% lower than baseline levels, respectively.
A reduction in D-dimer was not apparent with RAL. On aver-
age, a 10% decline in levels of GlycAwas apparent over 48 weeks
with all treatment combinations (Table 2, Figure 2). There was a
high degree of variability across participants in the observed
magnitude of changes in all biomarkers.

Although formal treatment group comparisons of changes in
these markers of inflammation and coagulation did not hold
after FDR adjustment at all time points, the consistency in
the magnitude and direction of the effects is suggestive of treat-
ment group differences for the comparisons of ATV/r vs DRV/r
and DRV/r vs RAL for hsCRP, as well as for each protease in-
hibitor (PI)/r regimen vs RAL for D-dimer (Table 3). No other
treatment group differences were apparent.

Table 1. Baseline Characteristics by Randomized Treatment Group

Characteristic
Total

(N = 234)
Atazanavir/Ritonavir

(N = 68)
Raltegravir
(N = 82)

Darunavir/Ritonavir
(N = 84)

Demographics
Sex, male 210 (90%) 63 (93%) 73 (89%) 74 (88%)

Age, y 36 (28–45) 38 (31–44) 36 (27–45) 36 (28–47)

Race/ethnicity
White non-Hispanic 112 (48%) 35 (51%) 36 (44%) 41 (49%)

Black non-Hispanic 68 (29%) 21 (31%) 23 (28%) 24 (29%)

Hispanic, regardless of race 45 (19%) 11 (16%) 16 (20%) 18 (21%)
Medium/High 10-year risk of hard coronary heart
disease, % (≥6%)a

29 (12%) 7 (10%) 7 (9%) 15 (18%)

Human immunodeficiency virus type 1 RNA, log10
copies/mL

4.6 (4.0–5.0) 4.8 (4.0–5.2) 4.5 (4.0–4.9) 4.6 (4.0–5.0)

CD4+ cell count, cells/mm³ 338 (191–448) 294 (180–461) 347 (246–450) 337 (172–424)

CD8+ cell count, cells/mm³ 823 (578–1089) 823 (577–1055) 884 (607–1086) 764 (545–1118)
Body mass index, kg/m² 25 (22, 28) 26 (23, 29) 25 (22, 28) 24 (22, 27)

Current smoker 77 (33%) 22 (32%) 28 (34%) 27 (32%)

Biomarkers (available measures)
High-sensitivity C-reactive protein, μg/mL (n = 231) 1.5 (0.8–3.2) 1.8 (1.0–3.2) 1.3 (0.7–3.4) 1.3 (0.7–3.2)

IL-6, pg/mL (n = 231) 1.7 (1.2–2.8) 1.9 (1.2–2.9) 1.5 (1.0–2.8) 1.7 (1.3–2.8)

D-dimer, μg/mL (n = 232) 0.3 (0.1–0.6) 0.3 (0.1–0.5) 0.3 (0.1–0.5) 0.3 (0.2–0.6)
GlycA, μmol/L (n = 230) 411 (366–451) 420 (388–456) 399 (363–446) 408 (357–443)

%CD4+: CD38+HLADR+ (n = 212) 18 (12–30) 18 (12–28) 19 (12–32) 17 (10–30)

%CD8+: CD38+HLADR+ (n = 212) 43 (34–54) 40 (33–57) 45 (37–52) 43 (32–54)
sIL-2r, pg/mL (n = 232) 1790 (1178–2310) 1898 (1340–2291) 1664 (1065–2435) 1651 (1179–2242)

soluble CD14, ng/mL (n = 229) 1688 (1454–2023) 1799 (1486–2157) 1663 (1438–1924) 1646 (1451–2024)

soluble CD163, ng/mL (n = 217) 1090 (773–1560) 1144 (799–1550) 1249 (898–1564) 1012 (708–1548)
%MNC: CD14(dim)CD16+ (n = 212) 62 (48–71) 58 (46–65) 62 (47–73) 63 (54–72)

%MNC: CD14+CD16+ (n = 212) 8 (6–13) 10 (6–16) 7 (4–13) 8 (6–12)

Median (first and third quartiles) or number (%).

Abbreviations: HLADR, human leukocyte antigen DR; IL, interleukin; MNC, monocyte.
a Hard indicates severe cardiovascular event.
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Table 2. Mean Fold-Change (95% Confidence Interval) From Baseline Over Time by Treatment Group

Biomarker

Atazanavir/Ritonavir Raltegravir Darunavir/Ritonavir

N Week 24 or 48 N Week 96 N Week 24 or 48 N Week 96 N Week 24 or 48 N Week 96

High-sensitivity C-reactive protein 64 0.57 (0.40, 0.82) 66 0.64 (0.46, 0.90) 80 0.78 (0.59, 1.04) 77 0.66 (0.51, 0.87) 76 0.90 (0.69, 1.16) 75 1.21 (0.91, 1.62)

IL-6 64 0.66 (0.52, 0.83) 66 0.87 (0.69, 1.09) 80 0.85 (0.67, 1.07) 77 0.76 (0.65, 0.88) 76 0.83 (0.67, 1.02) 75 0.97 (0.78, 1.22)
D-dimer 64 0.58 (0.42, 0.80) 64 0.48 (0.35, 0.66) 77 0.93 (0.72, 1.19) 76 0.82 (0.65, 1.03) 78 0.60 (0.44, 0.82) 75 0.65 (0.48, 0.87)
GlycA 67 0.89 (0.85, 0.93) . . . 79 0.90 (0.86, 0.94) . . . 78 0.91 (0.88, 0.94) . . .

soluble CD14 63 1.00 (0.94, 1.06) 65 0.96 (0.89, 1.04) 80 0.91 (0.86, 0.96) 77 0.89 (0.84, 0.94) 75 1.00 (0.95, 1.05) 74 0.96 (0.90, 1.03)
soluble CD163 61 0.56 (0.51, 0.61) 62 0.50 (0.45, 0.56) 76 0.59 (0.54, 0.64) 73 0.55 (0.50, 0.61) 71 0.61 (0.56, 0.67) 70 0.58 (0.52, 0.65)
sIL-2r 64 0.70 (0.61, 0.80) 65 0.65 (0.58, 0.72) 78 0.65 (0.58, 0.73) 76 0.61 (0.54, 0.70) 78 0.70 (0.62, 0.80) 75 0.65 (0.57, 0.74)
%CD4+: CD38+HLADR+ 58 0.47 (0.42, 0.53) 61 0.33 (0.28, 0.39) 65 0.53 (0.46, 0.62) 70 0.38 (0.33, 0.45) 73 0.53 (0.47, 0.61) 72 0.36 (0.31, 0.42)
%CD8+: CD38+HLADR+ 58 0.49 (0.44, 0.56) 61 0.33 (0.29, 0.37) 65 0.55 (0.50, 0.61) 70 0.36 (0.30, 0.42) 73 0.52 (0.47, 0.58) 72 0.34 (0.29, 0.39)
%MNC: CD14(dim)CD16+ 58 1.06 (0.99, 1.14) 61 1.08 (1.00, 1.18) 65 1.15 (1.05, 1.25) 70 1.09 (1.01, 1.17) 73 1.05 (0.99, 1.12) 71 1.08 (1.00, 1.17)

%MNC: CD14+CD16+ 58 0.58 (0.46, 0.72) 61 0.58 (0.47, 0.70) 65 0.93 (0.71, 1.23) 70 0.85 (0.66, 1.10) 73 0.78 (0.61, 1.02) 71 0.71 (0.54, 0.93)

GlycA was not assayed at week 96. N gives the number of participants with baseline and follow-up markers available for calculation of change.

Values in italics indicate statistically significant observations.

Abbreviations: HLADR, human leukocyte antigen DR; IL, interleukin; MNC, monocyte.
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(Table 2, Figure 2). After 24 weeks, mean expression of %CD38-
+HLADR+ on CD4+ and CD8+ T cells was approximately 50%
lower than baseline levels, while sIL-2r levels after 48 weeks
were at least 25% lower than baseline levels. The magnitude
of decline was even greater for these markers after 96 weeks
in all treatment groups.

sCD14 decreased to levels 10% lower than baseline with RAL
at weeks 48 and 96, while changes with the PI/r regimens were
not apparent. In contrast, sCD163 decreased to at least 40%
lower than baseline levels at week 96 across all treatment groups.
A sustained decrease in frequency of intermediate CD14-
+CD16+ monocytes was evident in the ATV/r and DRV/r

Table 3. Pairwise Treatment Group Comparisons by Biomarker and Study Week

Week 24 Week 48 Week 96

Biomarker
Mean

(97.5% CI)
Pw

Value
PFDR

Value
Mean

(97.5% CI)
Pw

Value
PFDR

Value
Mean

(97.5% CI)
Pw

Value
PFDR

Value

ATV/r vs DRV/r

hsCRP 0.64 (.39, 1.04) .039 .58 0.53 (.32, .88) .007 .08
IL-6 0.80 (.56, 1.14) .15 .58 0.89 (.62, 1.29) .49 .82

D-dimer 0.97 (.58, 1.61) .78 .99 0.74 (.45, 1.21) .25 .61

GlycA 0.98 (.92, 1.04) .29 .37
sCD14 1.00 (.91, 1.09) .96 .99 1.00 (.89, 1.12) .96 .96

sCD163 0.91 (.78, 1.06) .12 .58 0.87 (.73, 1.04) .07 .42

sIL-2r 0.99 (.80, 1.23) .79 .99 1.00 (.82, 1.22) .72 .96
%CD4+: CD38+HLADR+ 0.88 (.72, 1.08) .18 .32 0.90 (.70, 1.17) .67 .84

%CD8+: CD38+HLADR+ 0.95 (.80, 1.13) .24 .32 0.98 (.79, 1.20) .55 .84
%MNC: CD14(dim)CD16+ 1.01 (.91, 1.12) .23 .32 1.00 (.88, 1.14) .32 .76
%MNC: CD14+CD16+ 0.74 (.49, 1.10) .08 .31 0.82 (.55, 1.21) .32 .76

ATV/r vs RAL

hsCRP 0.73 (.44, 1.22) .60 .77 0.97 (.59, 1.57) .73 .80
IL-6 0.78 (.53, 1.13) .16 .43 1.14 (.85, 1.55) .49 .69

D-dimer 0.62 (.39, .99) .015 .13 0.59 (.38, .91) .001 .015

GlycA 0.99 (.93, 1.06) .74 .74
sCD14 1.10 (1.00, 1.21) .012 .13 1.08 (.97, 1.20) .06 .13

sCD163 0.95 (.82, 1.10) .18 .43 0.92 (.78, 1.08) .09 .19

sIL-2r 1.07 (.88, 1.31) .48 .71 1.06 (.87, 1.29) .24 .40
%CD4+: CD38+HLADR+ 0.88 (.71, 1.10) .26 .39 0.86 (.66, 1.11) .42 .77
%CD8+: CD38+HLADR+ 0.89 (.75, 1.06) .11 .23 0.93 (.73, 1.17) .86 .93
%MNC: CD14(dim)CD16+ 0.93 (.81, 1.06) .68 .68 0.99 (.88, 1.13) .48 .77
%MNC: CD14+CD16+ 0.62 (.41, .94) .011 .09 0.68 (.46, .99) .007 .06

DRV/r vs RAL

hsCRP 1.14 (.74, 1.77) .046 .18 1.82 (1.16, 2.86) <.001 .012
IL-6 0.98 (.68, 1.40) .84 .94 1.28 (.94, 1.74) .12 .28

D-dimer 0.64 (.41, 1.01) .029 .18 0.79 (.51, 1.21) .046 .15

GlycA 1.01 (.95, 1.08) .52 .55
sCD14 1.10 (1.01, 1.20) .008 .07 1.08 (.98, 1.20) .050 .15

sCD163 1.04 (.90, 1.20) .99 .99 1.06 (.89, 1.25) .82 .95

sIL-2r 1.08 (.89, 1.32) .34 .58 1.06 (.86, 1.31) .41 .55
%CD4+: CD38+HLADR+ 1.00 (.81, 1.24) .98 .98 0.95 (.73, 1.22) .71 .93
%CD8+: CD38+HLADR+ 0.94 (.80, 1.11) .80 .98 0.95 (.74, 1.21) .81 .93
%MNC: CD14(dim)CD16+ 0.92 (.81, 1.03) .12 .45 0.99 (.88, 1.12) .68 .93
%MNC: CD14+CD16+ 0.84 (.55, 1.30) .25 .50 0.83 (.54, 1.27) .18 .82

Relative mean fold-change from baselinewith 97.5% confidence interval. Pairwise treatment group comparisons were separately conducted for the group of plasma
biomarkers and for the group of GlycA and cellular biomarkers.

Values in italics indicate statistically significant observations.

Abbreviations: ATV/r, atazanavir/ritonavir; CI, confidence interval; DRV/r, darunavir/ritonavir; HLADR, human leukocyte antigen DR; hsCRP, high-sensitivity C-reactive
protein; IL, interleukin; MNC, monocyte; PFDR, adjusted P values using Benjamini–Hochberg methods to control false discovery rate; Pw, unadjusted P values using
Wilcoxon rank-sum test; RAL, raltegravir; sCD14, soluble CD14; sCD163, soluble CD163.
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groups; after 96 weeks, mean expression was 40% and 30%
lower than baseline, respectively. Increased expression of non-
classical monocytes CD14(dim)CD16+ was apparent across
treatment groups over time, although this change was modest
in magnitude (Table 2, Figure 2).

In general, differences in changes in these markers over time
between treatment groups were not apparent (Table 3). One ex-
ception included a greater decline in sCD14 with RAL com-
pared with ATV/r or DRV/r, although this difference was less
than 10% in magnitude. Additionally, a marked decline in ex-
pression of inflammatory CD14+CD16+ with ATV/r compared
with RAL was apparent at week 48 and sustained at week 96.

DISCUSSION

In this prospective study of ART-naive participants who initiated
RAL, ATV/r, or DRV/r with TDF/FTC and successfully achieved
virologic suppression, no consistent pattern in differences in bio-
markers emerged that favored any of the ART regimens. To our
knowledge, this is the most comprehensive study to describe
changes in immune activation (both monocyte and lymphocyte)
and inflammation after ART initiation and successful immune
suppression with these agents. We focused our analyses onmark-
ers such as hsCRP, D-dimer, sCD14, and IL-6 that have been as-
sociated with serious clinical events in HIV-1–infected persons,
including CVD and mortality [25, 26]. When comparing these 3
regimens, no clear pattern of differences in inflammation mark-
ers emerged and no consistent decreases in all measured markers
were evident. In particular, our findings suggest that RAL did not
have a more comprehensive impact on decreasing systemic in-
flammation and immune activation compared with PIs. Similar-
ly, treatment group differences between the 2 PI-based regimens
were inconsistent. In general, because some markers remained el-
evated despite successful ART therapy, our results also suggest
incomplete reversal of inflammation and immune activation in
the setting of effective treatment.

Other studies have suggested that integrase inhibitors may re-
duce inflammation more effectively than other antiretroviral
agents [16, 27–29]. In the SPIRAL trial of 233 (119 RAL, 114
PI/r) otherwise healthy, virologically suppressed HIV-infected
patients treated with PI/r who randomly switched from PI/r
to RAL or continued with PI/r for 48 weeks, hsCRP, IL-6,
tumor necrosis factor-alpha, and D-dimer decreased in the
RAL group relative to the PI/r group [30]. Consistent findings
show a rapid decrease of viral load in the first weeks of RAL
treatment, with an almost absent second-phase decay [31, 32].
Although the reason for this effect remains unclear, the possi-
bility of a differential effect of RAL on HIV-1 reservoirs, includ-
ing monocytes and macrophages, has been suggested [33].
However, RAL intensification has demonstrated inconsistent
improvements in T-cell activation [28, 29] and improved D-

dimer [29] and lipopolysaccharide (LPS) levels [34] but not
sCD14 levels [20, 34]. Despite the potential mechanisms men-
tioned above, our study does not corroborate any advantage of
the integrase inhibitor RAL over PIs on reducing immune acti-
vation during the first 96 weeks of treatment. A strength of our
study is the enrollment of ART-naive participants. Thus, the in-
vestigation of the effect of RAL vs PIs on immune activation is
not confounded by prior ART experience; this is the case for
ART switch or intensification-related studies. Unblinded RAL
switch studies cannot rule out improvements in adherence
that might be immunologically meaningful even with undetect-
able viremia. In addition, the higher background noise with re-
gard to systemic inflammation during early ART may also
explain the discrepancies in our findings compared with those
from prior RAL switch studies. A limitation is also the relatively
short follow-up period for patients who will remain on life-long
therapy.

Inflammatory and thrombotic markers such as IL-6 and D-
dimer are attracting increasing attention for their potential as
predictive markers of HIV disease progression or death [9, 35,
36]. However, despite predicting mortality, we demonstrated no
apparent treatment group differences with IL-6 and some dif-
ferences with D-dimer for each PI/r regimen vs RAL. Thus, de-
spite a theoretical advantage of integrase inhibitors to reduce
macrophage products such as IL-6 [37], their effect on cir-
culating plasma levels of markers such as IL-6 or D-dimer is in-
consistent; these biomarkers may remain elevated despite
suppressive ART [38].

We also found that levels of systemic immune activation as
measured by cellular coexpression of CD38 and HLA-DR,
sIL-2r, a plasma marker of T-cell activation, and sCD163 de-
clined similarly across treatment groups. These data support
the growing evidence that effective ART reduces immune acti-
vation. Prior studies have shown greater effects of RAL intensi-
fication on viral replication predominately in PI-treated patients
[28, 29].The decline of sCD14 with RAL is consistent with prior
findings from smaller and shorter studies of treatment-naive pa-
tients that reported greater declines in sCD14 in RAL-based
regimens compared with NNRTI-based regimens [16, 18] and
with studies that reported a decrease in sCD14 (but not
sCD163) after switching from an NNRTI or PI regimen to
RAL [20, 39]. It is conceivable that the discordance seen be-
tween sCD163 and sCD14 results may be due to the fact that
RAL has differential effects on reducing microbial translocation
and not necessarily monocyte activation. Future studies should
measure more specific indices of microbial translocation, such
as LPS or measures of intestinal barrier integrity including in-
testinal fatty acid–binding protein.

Our study is also among the first to examine longitudinal
changes in novel biomarkers of inflammation, such as GlycA
in HIV-1 infection. The GlycA NMR signal originates from
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N-acetyl methyl groups of particular N-acetylglucosamine resi-
dues on the glycan branches of abundant acute-phase proteins
(mainly α1-acid glycoprotein, haptoglobin, α1-antitrypsin, α1-
antichymotrypsin, and transferrin), thereby serving as a compos-
ite biomarker of systemic inflammation. As described, GlycA lev-
els decreased similarly across treatment groups. Recent data
suggest that protein glycans such as GlycA may have a role in
CVD and inflammation [15]. Future studies to determine the
role of protein glycans in HIV-1 infection are warranted.

Interestingly, after initiation of ART, the pattern of changes
in biomarkers of systemic inflammation over time appears sim-
ilar to changes in markers of immune activation. For example,
IL-6 and CRP reduced with ART over 48 weeks but then in-
creased until week 96, so there was little residual effect of
ART after 96 weeks. This pattern was different when compared
with the effects of ART on markers of monocyte and T-cell ac-
tivation, where there was marked durable suppression in levels
over time. Thus, our study suggests that ART induces differen-
tial reductions on biomarkers of immune activation compared
with biomarkers of systemic inflammation.

Our study had several limitations. As noted, this biomarker
analysis was not the primary outcome of the A5260s study
and thus was not powered to detect effect sizes with adjustment
for multiple biomarker comparisons. However, in addition to
inferences based on an FDR level of 2.5%, consistency, direc-
tion, and magnitude of the effect sizes over time in conjunction
with the nominal P values were considered in order to help dis-
tinguish true and false-positive findings. Selection bias of
A5260s participants when restricting to the cohort of virologi-
cally suppressed individuals is also possible. However, because
the physiological variability when studying these biologic pro-
cesses is high, we chose to examine the virologically suppressed
cohort in order to minimize confounding due to uncontrolled
viremia. Furthermore, our goal was to investigate changes in
biomarkers of systemic inflammation and immune activation
in the context of successful ART with these regimens. While
longitudinal changes in plasma biomarkers were separately ex-
amined in the intention-to-treat population, the results did not
demonstrate substantively different conclusions (data not in-
cluded). We also did not control for concomitant medication
use that may contribute to changes in these biomarkers (eg, sta-
tin, aspirin use), although it is noted that reported use of such
agents was limited during study follow-up. Changes in systemic
inflammation and immune activation that may occur during the
initial phase of controlling HIV replication may not be present
with longer follow-up. Thus, longer follow-up may be needed to
determine the differential effects of ART on biomarkers of sys-
temic inflammation and immune activation.

Also, our study included mostly of men, which may limit the
generalizability of our findings. All study participants received
TDF/FTC, but further research should investigate whether the

effects of RAL would differ with alternative nucleoside reverse
transcriptase inhibitor backbones. The levels of some biomark-
ers such as sCD14 were lower compared with those reported in
previous studies that demonstrated end-organ events and sim-
ilar to HIV-uninfected participants [40]. The lower levels of
these plasma biomarkers may be related to the relatively youn-
ger age of our study population and differences in CD4 nadir
count and ART exposure compared with those of the partici-
pants studied in previously reported cohorts [40]. Thus, it re-
mains unknown whether any further decrease in certain
biomarkers of inflammation and immune activation is clinically
relevant. It is also recognized that the biomarkers reported in
this analysis are not limited to discrete linear pathways but
are part of a broader and interrelated group of biological sys-
tems that consist of multiple intermediary steps and feedback
loops.

In conclusion, we found that differential changes in systemic
inflammation and immune activation were not consistent after
96 weeks among treatment-naive individuals who initiated suc-
cessful ART regimens of TDF/FTC with RAL, ATV/r, or DRV/
r in this prospective study. Overall, these results suggest incom-
plete reversal of inflammation and immune activation in the set-
ting of effective ART compared with ART-naive HIV-1–infected
participants. These results also highlight the need to examine
newer ART regimens with more potent antiinflammatory effects
as a possible means to effectively prevent long-term comorbidi-
ties in the setting of HIV-1 infection.
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