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Objectives: The HIV NNRTI rilpivirine is being evaluated as a possible agent for HIV pre-exposure prophylaxis.
We have recently shown that the NNRTI efavirenz may impair endothelial function assessed as flow-mediated
dilation (FMD), but whether this impairment is also found with rilpivirine is unknown. We sought to compare
cardiovascular risk profiles between efavirenz and rilpivirine in healthy volunteers.

Methods: We performed a prospective, randomized, open-label trial in 40 HIV-uninfected healthy volunteers
who were randomized 1:1 to either efavirenz or rilpivirine. Vascular indices, metabolic parameters, inflammatory
biomarkers and oxidative stress were measured before and after 4 weeks of treatment. This study is registered
at ClinicalTrials.gov (NCT01585038).

Results: There were no significant differences in 4 week mean (SD) changes in FMD between efavirenz and rilpi-
virine [0.089 (3.65)% versus 0.63 (2.42)%; P=0.77]. There were also no significant differences in 4 week changes
in high-sensitivity C-reactive protein, IL-6, soluble vascular cell adhesion molecule-1, HDL-cholesterol, triglycer-
ides or homeostasis model assessment -insulin resistance. However, efavirenz led to significant increases in total
cholesterol [19.39 (23.9) versus —5.78 (16.5) mg/dL; P<0.001], LDL-cholesterol [13.29 (19.5) versus —2.24
(13.4) mg/dL; P=0.009] and F2-isoprostanes [92.7 (178.6) versus —101.4 (215.7) pg/mL; P=0.019] compared
with rilpivirine. Two participants from each study group discontinued prematurely for adverse events.

Conclusions: There were no significant differences in the changes in endothelial function over 1 month between
the efavirenz and rilpivirine groups, although efavirenz had worse lipid changes compared with rilpivirine. Longer-

term studies are required for confirmation.

Introduction

Given that the NNRTI rilpivirine is being developed as a pre-
exposure prophylaxis agent, it is critically important to determine
rilpivirine’s cardiovascular safety profile. We and others have
recently found that the NNRTI efavirenz may lead to dyslipide-
mia,” increased oxidative stress® and endothelial dysfunction.*
However, we did not find changes in similar parameters with
the use of the NNRTI etravirine over 1 month in HIV-uninfected,
healthy volunteers.® This suggests that individual drugs within
an antiretroviral class may lead to different cardiovascular risk
profiles. Since rilpivirine is more structurally related to etravirine
than to efavirenz, we hypothesized that rilpivirine would have a
superior cardiovascular risk profile compared with efavirenz.
Therefore, we performed a randomized trial in healthy individuals
comparing the short-term effects on cardiovascular risk between
rilpivirine and efavirenz.

Methods
Study design

We performed an open-label, randomized, controlled, single-centre trial
from 2012 to 2014 at the Indiana University Medical Center in which
HIV-uninfected, healthy volunteers were randomized 1:1 to either
25 mg of rilpivirine daily or 600 mg of efavirenz daily for 4 weeks. Study
procedures were performed at study entry and at week 4 of treatment.
The Indiana University Institutional Review Board approved this trial. All
participants provided written, informed consent. This study is registered
at ClinicalTrials.gov (NCT01585038).

Study participants

Major eligibility criteria included age >18 years; being negative for HIV-1 at
screening; being free of known cardiovascular disease; having a screening
serum glucose <200 mg/dL, serum total cholesterol <260 mg/dL,
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negative hepatitis C antibody or estimated creatinine clearance >55 mL/min;
having a screening systolic blood pressure <160 mmHg; and no history of
any tobacco use within 45 days of screening.

Study procedures and outcomes

All study procedures were performed after a minimum 8 h fast. All circu-
lating biomarkers were measured in a batch at the completion of the trial
from serum samples stored at —80°C. Circulating markers of inflammation
[IL-6, high sensitivity C-reactive protein (hsCRP) and soluble vascular cell
adhesion molecule-1 (sVCAM-1)] and metabolism (insulin, glucose and
lipid fractions) were measured using standard ELISA kits at the University
of Vermont Laboratory for Clinical Biochemistry Research. The homeostasis
model assessment-insulin resistance (HOMA-IR) was used to estimate
insulin resistance.® Circulating serum levels of 8-iso-prostaglandin F2«
(F2-isoprostane) were measured using a standard LC-MS/MS analytical
method.”

Flow-mediated dilation (FMD) and nitroglycerin-mediated dilation
(NTGMD) of the brachial artery to assess, respectively, endothelium-
dependent and endothelium-independent conduit artery function were
performed according to recommended guidelines.® In addition, the
reactive hyperemic velocity time integral (RHVTI) and FMD/RHVTI were cal-
culated as measures of microvascular function. The images were read by a
single, blinded investigator (S. K. G.) using AccessPoint 2011 (version 8.2)
software (Freeland Systems, Westminster, CO, USA).
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Statistical analysis

As we were only interested in determining if rilpivirine would result in
improved FMD compared with efavirenz, we adopted a one-sided hypoth-
esis for sample size estimation. We assumed that the 4 week change in
FMD would be —4.0% with a variance of 25.0 in the efavirenz arm.*® As
we expected that the changes with rilpivirine would be similar to those
with etravirine, we assumed that there would be 0% change with a vari-
ance of 14.0 in the rilpivirine arm.” Allowing for a 20% dropout rate, we
enrolled 20 participants per arm. The computerized randomization list
was generated by the study statistician and kept by the study pharmacist,
who then provided rilpivirine or efavirenz.

Analyses were performed as ITT, but without corrections for multiple
testing. Non-normal distributions were log-transformed. Continuous out-
comes were analysed with Student’s t-tests on raw or transformed data
and categorical outcomes were analysed with Fisher’s exact test due to
low cell counts, which will be referred to as unadjusted analyses hereafter.
Multivariable linear regressions were used for the vascular parameters to
adjust for additional covariates. One-sided Student’s t-test was used for
unadjusted FMD analyses, while all the other tests were two-sided.
Spearman and Pearson correlations were calculated, as appropriate,
to evaluate the associations between continuous variables. We used
one-sample t-tests to determine whether within-group changes were
statistically significantly different from 0. P values <0.05 were considered
statistically significant. All analyses were performed in SAS 9.3 (SAS Inc,,
Cary, NC, USA).
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Figure 1. Vascular indices at week O (entry) and at week 4. There were no significant differences between groups in FMD, NTGMD, RHVTI or FMD/RHVTI in
adjusted models. Vertical bars represent absolute values at each timepoint and upper whiskers represent standard errors.
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Results

The dispositions of the participants are shown in Figure S1 (avail-
able as Supplementary data at JAC Online). The baseline charac-
teristics of the participants in each arm were well balanced

(Table S1).

Changes in vascular endpoints

There were no statistically significant differences (all P>0.3) in
the 4 week mean (SD) changes in FMD [0.63 (2.42)% versus
0.089 (3.65)%], NTGMD [1.59 (5.69)% versus 0.45 (3.37)%],

RHVTI [0.011 (0.28) m versus 0.020 (0.25) m] or FMD/RHVTI

Table 1. Comparison of 4 week changes in oxidative stress (F2-isoprostanes), systemic inflammation (hsCRP, IL-6 and sVCAM-1), lipid fractions and
insulin resistance between rilpivirine and efavirenz

Biomarker Study visit Rilpivirine Efavirenz Mean difference P value
F2-isoprostanes (pg/mL)®  entry 164.2 (184.9) (n=15) 92.2 (71.8) (h=15) 72.0 (—35.5,179.6) 0.18
week 4 83.3(93.3) (h=12) 178.4 (149.2) (n=15)  —95.0 (-196.8, 6.8) 0.07
change from entry to week 4  —101.4 (215.7) (n=12) 92.7 (178.6) (n=14) —194.1 (—353.7, —34.6) 0.02
hsCRP (mg/L) entry 2.59 (4.88) 2.75 (3.07) —0.16 (—2.93, 2.60) 0.43°
week 4 2.35(3.37) 3.49 (3.19) —1.14 (=3.43, 1.16) 0.20°
change from entry to week 4 ~ —0.41 (6.01)° 0.80 (2.47)¢ —1.21 (-4.71, 2.30) 0.35°
IL-6 (pg/mL) entry 0.58 (5.37) 2.24 (1.36) —0.52 (—1.47, 0.43) 0.14°
week 4 1.77 (1.88) 4.23 (6.05) —2.45 (-5.89, 0.98) 0.11°
change from entry to week 4 0.09 (2.51)¢ 1.93 (5.63)° —1.84 (—5.14, 1.46) 0.21°
sVCAM-1 (pg/mL) entry 580.33 (139.50) 632.25(133.20) —51.92 (-139.20, 35.39) 0.24
week 4 541.67 (125.13) 604.32 (182.44) —62.65 (—168.6, 43.32) 0.24
change from entry to week 4  —20.92 (68.95)¢ —27.62 (125.20)¢ 6.70 (—62.49, 75.89) 0.41
Total cholesterol (mg/dL)  entry 165.20 (30.80) 173.45 (28.81) —8.25 (—27.34,10.84) 0.39
week 4 157.00 (26.44) 194.56 (28.72) —37.56 (—56.25, —18.86) <0.01

LDL-C (mg/dL)

HDL-C (mg/dL)

Total cholesterol/HDL-C

Non-HDL-C (mg/dL)

Triglycerides (mg/dL)

HOMA-IR

change from entry to week 4

entry
week 4
change from entry to week 4

entry
week &
change from entry to week 4

entry
week &
change from entry to week 4

entry
week 4
change from entry to week &

entry
week &
change from entry to week 4

entry
week 4
change from entry to week 4

—5.78 (16.45)

89.12 (25.38)
84.17 (23.57)
—2.24 (13.43)

60.05 (17.37)
59.00 (14.29)
—1.28 (9.53)

2.94 (0.92)
2.79 (0.73)
—0.05 (0.49)

105.15 (28.14)
98.00 (25.58)
—4.50 (17.96)

80.20 (39.13)
70.22 (31.32)
—-10.11 (31.79)°

1.47 (1.21)
2.02 (2.23)
0.60 (1.62)

19.39 (23.90)°

97.53 (24.37)
110.54 (23.47)
13.29 (19.50)°

55.85 (17.44)
59.56 (18.52)
2.17 (10.35)

3.35(0.94)
3.57 (1.19)
0.29 (0.48)°

117.60 (27.55)
135.00 (31.52)
17.22 (18.87)¢

101.20 (52.01)
122.33 (80.48)
19.00 (62.11)°

3.40 (5.37)
3.22 (4.49)
—0.43 (1.50)

—25.17 (—39.06, —11.27) <0.01

—8.42 (—24.34,7.51) 0.29
—26.38 (—42.31, —10.44) <0.01
—15.54 (-26.88, —4.20)  <0.01

4.20 (—6.94, 15.34) 0.45
—0.56 (—11.76, 10.65) 0.92
—3.44 (—10.18, 3.30) 0.31

—0.40 (—1.00, 0.19) 0.18
—0.78 (—1.45, —0.11) 0.02
—0.35 (-0.67, —0.02) 0.04

—12.45(-30.28, 5.38) 0.17
—37.00 (—56.44, —17.56) <0.01
—21.72 (-34.20, —=9.24)  <0.01

—21.00 (—50.46, 8.46) 0.16
—52.11 (-94.32, —9.90) 0.02
—29.11 (—62.96, 4.74) 0.11°

—1.93 (—4.50, 0.63) 0.19°
—1.19 (—3.63, 1.24) 0.35P
1.03 (—0.03, 2.08) 0.06°

Data are presented as mean (SD) or as mean (95% CI). All P values are two-sided for the variables listed in this table.

“Due to incomplete assay reactions or to specimen hemolysis, the evaluable dataset with paired entry and week samples included only 14 in the
efavirenz arm and 12 in the rilpivirine arm.

bp values for variables with non-normal distributions that were log-transformed prior to significance testing.

P value for within-group change is <0.05.
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[0.54 (5.55) %/cm versus —0.67 (5.61) %/cm] between rilpivirine
and efavirenz, respectively, either in unadjusted analyses or in
models adjusting for baseline diameter at week 0, age, sex and
race (Figure 1). There were no significant changes (all P>0.25)
within groups for any of these parameters (data not shown).

Changes in F2-isoprostane and bilirubin levels

The 4 week changes in F2-isoprostane levels are shown in Table 1.
Changes in F2-isoprostane levels decreased significantly in the ril-
pivirine group compared with the efavirenz group (P=0.019),
although there were no significant within-group changes.

In a post hoc analysis, we determined that there was a signifi-
cant reduction in 4 week mean (SD) changes in total bilirubin
levels in those receiving efavirenz [-0.147 (0.191) mg/dL;
within-group change P=0.006] versus those receiving rilpivirine
[0.022 (0.213) mg/dL; within-group change P=0.66] with a
mean (95% CI) difference of —0.169 (—0.309, —0.030) mg/dL
(P=0.019), although there were no significant correlations (all
P>0.1) between changes in total bilirubin levels and changes in
F2-isoprostane levels (data not shown).

Changes in inflammation biomarkers

Although significant within-group changes were noted for each
inflammation parameter in each group, the 4 week changes in
hsCRP, IL-6 and sVCAM-1 were not statistically different between
the two study arms (Table 1).

Changes in metabolic markers

The levels of total cholesterol (P=0.0008), LDL-cholesterol
(LDL-C) (P=0.0087), total cholesterol/HDL-cholesterol (HDL-C)
ratio (P=0.04) and non-HDL-C fractions (P<0.01), but not levels
of HDL-C or triglycerides, decreased significantly in the rilpivirine
group compared with the efavirenz group (Table 1). There was a
non-significant trend towards an increase in HOMA-IR in the
rilpivirine group compared with the efavirenz group (P=0.056).
Within the efavirenz group, there were significant changes in
total cholesterol, LDL-C and triglycerides; within the rilpivirine
group, only triglycerides changed significantly.

Safety

Two participants were discontinued from the study in each arm
due to study drug-related toxicities. In the efavirenz group,
there was one discontinuation for Grade 2 rash and another for
Grade 2 nausea and vomiting. In the rilpivirine group, there was
one discontinuation for Grade 2 insomnia and another for Grade
2 rash. There were no Grade 3 or 4 toxicities and no serious
adverse events. We did not find appreciable changes in serum
creatinine in either the rilpivirine [0.008 (0.101) mg/dL; P=0.75]
or the efavirenz [0.005 (0.046) mg/dL; P=0.68] group, with no sig-
nificant difference between the two groups (P=0.91).

Discussion

In this randomized trial, we did not find significant between-group
or within-group changes in vascular function indices over 1 month
in healthy individuals. We* and others? have previously found that

efavirenz led to reductions in endothelial function in HIV-infected
patients. These conflicting results could be due to an unknown
interaction between HIV and efavirenz, or perhaps the combin-
ation of efavirenz with nucleoside inhibitors is required for the
development of vascular impairment to emerge. Thus, both
drugs appear to have inherently benign short-term endothelial
effects.

However, we did find that efavirenz led to significant increases in
oxidative stress (measured as circulating levels of F2-isoprostanes),
total cholesterol and LDL-C compared with rilpivirine. These
results corroborate previous data noting an association between
efavirenz and higher F2-isoprostane®*%*! and cholesterol levels.*?
However, we did not find differences in the changes between the
two study arms in three key inflammatory biomarkers, namely
hsCRP, IL-6 and sVCAM-1, that have been linked to cardiovascular
disease in HIV.?

This study had several strengths, including the randomized
design and the diverse study population, which would increase
generalizability. We acknowledge that the brief study duration
might preclude finding clinically important changes in several of
the studied parameters. We did not conduct a double-blinded
study; the need for using rilpivirine with food and efavirenz
without food would require double dummy placebos, which was
considered overly complex for the purposes of this study.
Although the sample size was relatively small, reductions in endo-
thelial function with efavirenz have been found in smaller studies
of similar duration.*?

In summary, we did not detect significant short-term differ-
ences in vascular parameters, in systemic inflammation, or in
tolerability between efavirenz and rilpivirine over 4 weeks in
HIV-uninfected healthy volunteers. Additional study is required
to determine the long-term effects of rilpivirine when given to
HIV-uninfected persons as pre-exposure prophylaxis.
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