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James H. Stein4, Matthias A. Clauss5, Kieren J. Mather6, Zeruesenay Desta7, Ziyue Liu2

1 Division of Infectious Diseases, Department of Medicine, Indiana University School of Medicine, Indianapolis, Indiana, United States of America, 2 Department of

Biostatistics, Indiana University School of Medicine, Indianapolis, Indiana, United States of America, 3 Division of Infectious Diseases, Department of Medicine, University of

Southern California Keck School of Medicine, Los Angeles, California, United States of America, 4 Division of Cardiovascular Medicine, Department of Medicine, University

of Wisconsin School of Medicine and Public Health, Madison, Wisconsin, United States of America, 5 Department of Cellular & Integrative Physiology, Center for Vascular

Biology, Indiana University School of Medicine, Indianapolis, Indiana, United States of America, 6 Division of Endocrinology & Metabolism, Department of Medicine,

Indiana University School of Medicine, Indianapolis, Indiana, United States of America, 7 Division of Clinical Pharmacology, Department of Medicine, Indiana University

School of Medicine, Indianapolis, Indiana, United States of America

Abstract

Background: Untreated HIV may increase the risk of cardiovascular events. Our preliminary in vitro and in vivo research
suggests that pentoxifylline (PTX) reduces vascular inflammation and improves endothelial function in HIV-infected persons
not requiring antiretroviral therapy.

Methods: We performed a randomized, placebo-controlled trial of PTX 400 mg orally thrice daily for 8 weeks in 26
participants. The primary endpoint was change in flow-mediated dilation (FMD) of the brachial artery after 8 weeks.
Nitroglycerin-mediated dilation (NTGMD) and circulating markers of inflammation, cellular immune activation, coagulation,
and metabolism were also assessed.

Results: The difference in mean absolute change (SD) in FMD after 8 weeks between the placebo [21.06 (1.45)%] and PTX
[21.93 (3.03)%] groups was not significant (P = 0.44). No differences in NTGMD were observed. The only significant
between-group difference in the changes in biomarkers from baseline to week 8 was in soluble tumor necrosis factor
receptor-1 (sTNFRI) [283.2 pg/mL in the placebo group vs. +65.9 pg/mL in the PTX group; P = 0.03]. PTX was generally well-
tolerated.

Conclusions: PTX did not improve endothelial function and unexpectedly increased the inflammatory biomarker sTNFRI in
HIV-infected participants not requiring antiretroviral therapy. Additional interventional research is needed to reduce
inflammation and cardiovascular risk in this population.
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Introduction

HIV-infected patients are at an increased risk for developing

cardiovascular disease (CVD) compared to the uninfected

population [1,2]. Much of this increased risk had previously been

attributed to the dysmetabolic effects associated with the use of

antiretroviral therapy (ART) [3]. However, recent data strongly

suggest that HIV-related systemic inflammation also contributes to

this excess CVD risk as well as overall mortality, especially in those

not receiving ART [4,5,6,7].

Endothelial dysfunction is a key and initial promoter of

atherosclerosis in the general population [8,9]. Because systemic

inflammation is associated with endothelial dysfunction [10],
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reduction of inflammation may improve endothelial health and

consequently reduce the risk of future CVD events [11,12].

We have previously shown that pentoxifylline (PTX), a

phosphodiesterase inhibitor, can downregulate the endothelial

activation marker vascular cell adhesion molecule-1 (VCAM-1) in

an in vitro HIV-1 endothelial cell model [13]. In addition, we

demonstrated in an open-label, single arm, 8 week pilot trial of

PTX given to HIV-infected patients not requiring ART that PTX

use was well-tolerated and reduced circulating levels of sVCAM-1

and interferon-c-induced protein 10 (IP-10). Moreover, flow-

mediated dilation (FMD) of the brachial artery [14], a validated

measure of in vivo endothelial function and predictor of future

cardiovascular events [11,12], improved significantly. Taken

together, these data suggest that PTX may inhibit leukocyte

adhesion pathways that are involved in vascular inflammation and

dysfunction in those with HIV infection. If so, then PTX would

potentially be an inexpensive, safe, and readily available therapy to

reduce systemic inflammation and improve the cardiovascular risk

profile in the HIV-infected population. On the basis of these initial

observations, we conducted a randomized, double-blind, placebo-

controlled trial of PTX in HIV-infected participants not on ART

to test the hypothesis that PTX would reduce systemic inflamma-

tion and improve FMD in this population.

Methods

Study Design
The protocol and informed consent form for this trial and

supporting CONSORT checklist are available as supporting

information; see Protocol and Consent S1 and Checklist S1.

We performed a randomized, double-blind, placebo-controlled,

parallel group trial of oral PTX 400 mg given thrice daily for 8

Figure 1. Flow of participants through the trial.
doi:10.1371/journal.pone.0060852.g001
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weeks in HIV-infected study participants not requiring ART per

DHHS Guidelines at the time of the study (ClinicalTrials.gov

NCT00796822). We excluded those on ART in order to isolate

the effects of PTX on untreated HIV and to avoid the potentially

confounding effects of ART on endothelial function [15,16] and to

assess why lack of ART may predispose to endothelial dysfunction.

Participants had study procedures performed at baseline, 4 weeks,

and 8 weeks. Participants underwent assessment for eligibility at a

screening visit and within 21 days were then randomized 1:1 via a

computerized random-generated list (with a block size of 4 for the

first 24 participants and a block size of 2 for the remaining 2

participants) to either PTX or matching placebo. PTX was given

as 400 mg extended-release tablets purchased commercially. Both

PTX and placebo were over-encapsulated with gelatin capsules

with cellulose backfill to provide matching color, taste, size, smell,

and texture. Adherence was assessed by 3-day recall of missed

doses at each study visit. Adverse events were assessed at each visit

and in between scheduled visits as needed. Assessment of

successful blinding was performed at the end of trial participation

by asking the participants if they thought they knew to which study

arm they were assigned.

The protocol underwent one major amendment and revision in

February 2009 to clarify eligibility criteria. Over the course of the

trial, there were 8 protocol deviations (5 for out of window study

visits to accommodate participant schedules, 2 for out of window

measurements of HIV-1 RNA levels due to faulty lab equipment,

1 for not having advanced flow cytometry measurements

performed at one study visit).

Study Population
Participants were recruited from the HIV outpatient clinics

associated with the Indiana University Health medical system.

Primary inclusion criteria included documented HIV-1 infection,

age $18 years, CD4 cell count $350/mL at screening, no receipt

of ART within 6 months of screening and no anticipated need for

ART during the course of trial participation. Major exclusion

criteria included diagnosed cardiovascular disease, diabetes,

hypertension, thyroid abnormalities, other systemic inflammatory

disease (although hepatitis B or C co-infection was allowed);

pregnancy or breastfeeding during the trial; known intolerance to

PTX or other methylxanthines; creatinine clearance ,50 mL/

min, hemoglobin ,9.0 g/dL, alanine (ALT) or aspartate (AST)

aminotransferase .3 times upper limit of normal, total bilirubin

.2.5 times upper limit of normal; ongoing fever or active

infection/malignancy during a study visit; or use of anti-

inflammatory (including aspirin or non-steroidal anti-inflammato-

ry drugs), lipid-lowering, or anticoagulation agent at screening or

during the trial.

Study Procedures
Participants were required to fast and not smoke for at least 8

hours prior to all study procedures. FMD and nitroglycerin-

mediated dilation (NTGMD) studies were performed at all study

visits according to recommended guidelines [17] by a single

registered vascular ultrasonographer who was certified by the

University of Wisconsin Atherosclerosis Imaging Research Pro-

gram Core Laboratory. After resting supine for 10-minutes in a

temperature-controlled room, a blood pressure cuff was placed on

the widest part of proximal right forearm approximately 1 cm

distal to the antecubital fossa. Using a 10 MHz resolution linear

array vascular ultrasound transducer with an Acuson CV70

ultrasound machine, the brachial artery was located above the

elbow and scanned in longitudinal sections. After recording

baseline B-mode digital images of the brachial artery and spectral

Doppler images of flow, the forearm cuff was inflated to

250 mmHg for 5 minutes to induce reactive hyperemia. Imme-

diately after deflation, spectral Doppler images are obtained to

verify hyperemia. FMD of the brachial artery was measured 60

and 90 seconds after cuff deflation. The relative FMD (%) was

calculated as the ratio between the largest post-cuff release and the

baseline diameter. Fifteen minutes later, repeat brachial artery

images were obtained and 400 mcg of sublingual nitroglycerin was

administered. The artery was re-imaged 3 minutes later. NTGMD

was calculated in an analogous fashion. Images were sent

electronically to the University of Wisconsin core imaging

laboratory for quality control and interpretation by a blinded,

single, experienced technician using Access Point Web software

(Freeland Systems, Westminster, CO).

Cellular immune activation, defined as circulating proportions

of CD3+CD8+CD38+HLA-DR+ cells, was assessed by flow

cytometry using fresh whole blood on the same day as the

collection at baseline and at week 8. Circulating serum levels of

PTX were measured using an in-house high performance liquid

chromatography assay. Circulating inflammatory markers [high

sensitivity C-reactive protein (hsCRP), serum interleukin-6 (IL-

6), soluble tumor necrosis factor-a receptors I and II (sTNFRI,

sTNFRII), tissue inhibitor of metalloproteinase-1 (TIMP-1),

monocyte chemoattractant protein-1 (MCP-1), interferon-c-

induced protein 10 (IP-10)], a coagulation marker [plasminogen

activating inhibitor antigen-1 (PAI-1 Ag)], an endothelial

activation marker [soluble vascular cell adhesion molecule-1

(sVCAM-1)], and metabolic markers [lipid fractions, insulin,

glucose] were measured in batches from archived frozen

samples (kept at 280uC) at the University of Vermont

Laboratory for Clinical Biochemistry Research. The homeostasis

model assessment-insulin resistance (HOMA-IR) was used to

estimate insulin resistance from fasting glucose and insulin

measures [18]. hsCRP, IL-6, IP-10, lipids, and insulin were

measured from serum, MCP-1, sTNFRI and II, sVCAM-1, and

TIMP-1 were measured from EDTA plasma, and PAI-1 Ag was

measured from citrated plasma. Safety laboratories were

assessed at the Indiana University Health commercial laboratory

at each study visit.

Statistical Analysis
The sample size was determined based on a two-sample,

independent, two-tailed t-test with 5% type I error for the primary

Table 1. Baseline Characteristics of the Trial Participants
(N = 26).

Characteristic
Placebo
(N = 13)

Pentoxifylline
(N = 13)

Age, years 34 (10.9) 40 (11.6)

Male 11 (85%) 8 (62%)

Black race 8 (62%) 8 (62%)

Hispanic ethnicity 1 (8%) 0 (0%)

Current smoker 5 (38%) 6 (46%)

Body mass index, kg/m2 27.7 (5.9) 26.1 (4.6)

CD4 cell count/mL 583 (175) 524 (165)

HIV–1 RNA level, log10copies/mL 4.0 (1.2) 4.0 (0.7)

Notes: Data presented as means (standard deviations) or as No. (%). No
statistically significant differences were found between these baseline
characteristics.
doi:10.1371/journal.pone.0060852.t001
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endpoint of change in FMD from baseline to week 8. Using the

results from our pilot trial [14], we conservatively estimated a

predicted absolute change in FMD of 3.5% with PTX (assuming

no change in placebo-treated participants) and we assumed a

common standard deviation of 2.6%. A sample size of 10 per

group was estimated to provide at least 80% power to detect this

effect size. Allowing for a 20% dropout rate, we planned to recruit

13 subjects per group.

Continuous variables were summarized by treatment groups

using descriptive statistics. Categorical variables were summarized

using frequency counts and percentages. Baseline clinical and

demographic data were compared between two treatment groups.

Continuous variables were summarized by treatment groups using

descriptive statistics. Categorical variables were summarized using

frequency counts and percentages. Baseline clinical and demo-

graphic data were compared between two treatment groups.

Categorical variables were examined using Fisher’s exact test. We

employed Student’s t-test for comparisons of continuous measures

as we found no evidence of violation of the normality assumption

for these variables; of note, HIV-1 RNA level, HOMA-IR, and

hsCRP required logarithmic transformation to approximate

normal distributions prior to such analysis. Independent two-

sample Student’s t-test was used to compare the mean changes in

FMD from baseline to week 8 between the placebo and PTX

groups. To account for missing week 8 FMD measures, Lachin’s

worst-rank analysis approach [19] was used as part of the intent-

to-treat analysis.

As we specifically wished to evaluate the effects of covariates on

the primary outcomes, we also performed multiple linear

regressions adjusted for treatment on the changes in FMD and

NTGMD for 4 and 8 weeks. In these models, the indicator

variable for PTX was kept regardless of its significance, while other

potential baseline covariates, including age, sex, race, body mass

index, FMD, and laboratory data, were included one at a time.

The computerized randomization list was generated by the

study statistician and kept by the study pharmacist who then

Figure 2. Changes in flow-mediated dilation (FMD) of the brachial artery and soluble tumor necrosis factor receptor-1 (sTNFRi)
from baseline to week 8. Panel A shows the changes in FMD; Panel B shows the changes in sTNFRI. Circles indicate actual values. Top and bottom
of boxes indicate 75th and 25th percentiles, respectively. Internal horizontal lines indicate median values and plus-signs indicate mean values. External
horizontal lines/whiskers indicate 25th or 75th percentiles 6 (1.5 times interquartile range).
doi:10.1371/journal.pone.0060852.g002
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provided study drug or placebo in matching containers. Study

participants, study personnel, and all outcome assessors were

blinded to the allocation. Analyses were performed as intention to

treat but without corrections for multiple testing for the secondary

analyses. Two-sided P-values ,0.05 were considered statistically

significant. All analyses were performed in SAS 9.3 (SAS Inc.,

Cary, NC).

Ethics Statement
This trial was approved by the Indiana University Institutional

Review Board. All participants provided written, informed consent

prior to screening.

Results

Study Cohort Characteristics
Figure 1 outlines the flow of the study participants through

the trial. Thirty-one potential participants underwent screening.

Study recruitment, enrollment, and follow-up assessments were

performed from May 2009 through October 2011. Of these, 1

was found to be pregnant, 1 required a prohibited medication,

1 could not provide blood samples (difficult venipuncture), and

2 withdrew consent prior to randomization. The characteristics

of the remaining 26 participants are shown in Table 1. The

majority of participants were non-Hispanic, non-smoking, black

men. Of note, no white women enrolled into the trial. The

mean (standard deviation, SD) CD4 cell count and HIV-1 RNA

level for the entire study group was 555 (169)/mL and 4.0 (0.9)

log10copies/mL, respectively. None had active hepatitis B or C

co-infection. There were no significant differences in the

baseline characteristics between arms. All 13 participants in

the placebo arm completed the 8 week trial. However, 2 of the

PTX participants were lost to follow-up by week 4, 1 developed

Grade 2 neutropenia at week 4 and was subsequently

withdrawn, and 1 had poor ultrasound data quality at week

8. Thus, 11 and 9 participants, respectively, of the 13 initial

PTX participants had evaluable vascular imaging data at the

weeks 4 and 8 study visits; 11 and 10, respectively, in the PTX

group and samples available for biomarker analysis.

At the 4 week visit, 15 of the 24 evaluable study participants,

respectively, claimed no missed study drug and the remainder

claimed no more than 3 missed doses in the 3 days prior to the

study visit. At week 8, 12 of the evaluable 22 participants claimed

no missed doses and 7 of the remaining 10 claimed no more than 3

missed doses in the 3 days prior to the study visit. At weeks 4 and

8, 3 PTX participants at each time point had no measurable PTX

drug concentration; 2 of the 3 PTX participants had no

measurable drug concentration at both weeks 4 and 8.

Because one participant in the PTX group was removed due to

an adverse event, unblinding of this participant’s randomization

assignment may have occurred. To assess potential selection bias

after withdrawal of this participant, the Berger-Exner test [20] was

performed and was found to have a P-value of 0.11, suggesting no

significant selection bias.

Changes in Vascular Measures
The absolute mean values of the primary outcome measure,

FMD, and other vascular measures at each time point are shown

in Table 2. FMD generally declined in both treatment groups

(Figure 2A). The mean (SD) difference in absolute change in FMD

at 8 weeks between the placebo [21.06 (1.45)%] and PTX [21.93

(3.03)%] groups was not significant (P = 0.44). Using Lachin’s

worst-rank analysis approach to account for missing week 8 FMD

measurements, the difference in change in FMD from baseline to

week 8 was again not significant (P = 0.08).

The within-group changes in FMD from baseline through week

8 was statistically significant in the placebo group (P = 0.02) but

not within the PTX group (P = 0.09); no significant changes were

found within groups from baseline through week 4. In models that

explored possible predictors of change in FMD after 8 weeks and

PTX treatment, both sex (P = 0.003) and week 0 FMD (P,0.0001)

were identified; men had significantly less of a decrease in FMD

compared to women and those with greater FMD at baseline had

greater decreases in FMD. Of note, smoking status was not

associated with FMD change.

A post-hoc exploratory analysis of differences in FMD by sex

and baseline FMD is shown in Figure 3. As expected, women had

higher FMD at baseline (3 of 7 women vs. 0 of 19 men had

baseline FMD .6.0%); these 3 women had large decreases in

FMD during the trial. As shown in Table 3, brachial artery

diameters at baseline were, as expected, significantly larger in men

compared to women, but this did not translate into a significant

difference in mean baseline FMD. Baseline brachial artery

diameters did not change over time in either men or women.

We then examined a model including PTX, sex, and week 0 FMD

on changes in FMD after 8 weeks; week 0 FMD remained

significantly associated (P = 0.0009) and sex was marginally

associated (P = 0.09) with change in FMD after 8 weeks.

There was also no significant difference (P = 0.14) in mean

absolute change (SD) in FMD at week 4 between the placebo

[20.10 (1.58)%] and PTX [21.62 (2.92)%] groups. In models

including all other variables and PTX assignment, no significant

effects of these other variables on FMD were found.

In analyses including only those PTX participants who had

detectable PTX drug concentrations, no significant differences in

the changes in FMD at either 4 or 8 weeks between groups were

observed (data not shown). There were no significant differences in

Table 2. Vascular Measures during the Trial.

Characteristic Placebo Pentoxifylline P-value1

Resting brachial artery
diameter, cm

Baseline 0.44 (0.05) 0.42 (0.08) 0.60

Week 4 0.44 (0.05) 0.43 (0.08) 0.72

Week 8 0.44 (0.04) 0.43 (0.07) 0.68

Flow-mediated dilation (%)

Baseline 3.46 (2.32) 4.09 (2.87) 0.54

Week 4 3.36 (2.78) 2.35 (1.53) 0.27

Week 8 2.40 (1.58)2 2.80 (1.69)2 0.58

Nitroglycerin-mediated
dilation (%)

Baseline 13.66 (7.02) 15.88 (6.59) 0.42

Week 4 16.68 (7.11) 13.91 (6.51) 0.34

Week 8 15.28 (5.76) 17.16 (8.16) 0.57

Notes: Data presented as means (standard deviation). All 13 placebo subjects
had vascular imaging data available at all study visits. Of the 13 pentoxifylline
subjects, 11 and 9 had vascular imaging data available at weeks 4 and 8
respectively.
1For comparisons between placebo and pentoxifylline groups.
2The reduction in FMD from baseline to week 8 was statistically significant
within the placebo group (P = 0.02) but not within the pentoxifylline group
(P = 0.09). No significant changes were found within groups in any other
vascular measure from baseline to week 8 or from baseline to week 4.
doi:10.1371/journal.pone.0060852.t002
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change in FMD at week 8 in those who did have and did not have

detectable PTX levels (data not shown).

There were no significant changes in NTGMD at either week 4

or week 8 between the two groups.

Changes in Biomarkers
The absolute mean values of the immunologic, virologic, inflam-

matory, coagulation, and metabolic parameters assessed during the

trial are presented in Table 4. PAI-1 Ag was significantly higher in the

PTX group at both baseline and at week 8. However, there were no

significant differences in the changes in PAI-1 Ag between groups. As

shown in Figure 2B, the only significant difference in the changes in

these biomarkers from baseline to week 8 was in sTNFRI [283.2 pg/

mL in the placebo group vs. 65.9 pg/mL in the PTX group; P = 0.03].

This change in sTNFRI was not significantly correlated with the

change in FMD. Of note, there were no significant within-group

changes in any biomarker through week 8.

Safety
There were no serious adverse events during the trial. As shown

in Table 5, most study participants reported at least one physical

symptom during the trial, none of which were treatment-limiting.

There were no significant differences between the number of total

reported symptoms or laboratory abnormalities in the placebo

group compared to the PTX group. All toxicities were considered

grade 1 and not treatment-limiting except for one grade 2

neutropenia which prompted study discontinuation in 1 partici-

pant at week 4.

Discussion

PTX did not reduce circulating markers of inflammation and

did not improve arterial FMD, a measure of endothelial function,

in this randomized, placebo-controlled trial of HIV-infected

persons not requiring ART. PTX also did not reduce the levels

Figure 3. Individual changes in FMD by treatment group (pentoxifylline vs. placebo) and by sex (female vs. male).
doi:10.1371/journal.pone.0060852.g003
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of the leukocyte adhesion molecules sVCAM-1 or IP-10, although

this effect was found in our smaller, open-label pilot study [14] and

in our in vitro endothelial cell model combining TNF-a with HIV-

secreted proteins [13]. The inflammatory marker sTNFRI

surprisingly increased in the PTX arm compared to placebo.

We cannot discount the possibility that the increase in sTNFRI

in the PTX group would have an adverse clinical impact if PTX

were continued as a chronic intervention. However, we did not

find a correlation between change in sTNFRI and FMD in this

study, thus making it difficult to make any inference of the clinical

relevance of the change in sTNFRI as it relates to endothelial

function. In addition, no changes in other inflammatory markers

were significantly different between groups, making the change in

this one biomarker potentially a chance finding due to multiple

testing. Previous studies have suggested that PTX reduces TNF-a
expression in vitro and in vivo by inhibiting nuclear factor-kappa B

and may thus even inhibit HIV replication [21,22,23,24].

However, Clerici et al. found that TNF-a expression may actually

increase during the first 12 weeks of use of PTX 400 mg thrice

daily [25], a finding which is concordant our trial’s finding of

significant increases in sTNFRI, a more stable circulating marker

of TNF-a production than circulating TNF-a itself. These

contrasting results may be explained by the fact that the study

by Clerici et al. and the current trial included asymptomatic

patients with relatively preserved CD4 cell counts who were not

receiving ART as opposed to the previously mentioned studies

that involved severely immunocompromised patients with higher

levels of TNF-a. This suggests that PTX may be more beneficial in

patients with reduced CD4 counts and who may have a greater

inflammatory burden, a group we are currently studying in a

separate PTX trial in patients initiating ART (NCT00864916).

Despite its purported beneficial effects on the endothelium, the

influence of oral PTX on vascular function in humans has only

previously been studied in HIV-negative, type 2 diabetics [26]. In

that study, similar to the current report, there was no benefit of

PTX on endothelial function. The characteristics of the partici-

pants in our smaller pilot study [14] were generally similar to those

who enrolled in this larger and more definitive trial. The only

appreciable differences were the greater number of black

participants in the current trial compared to the pilot study

(62% vs. 33%) and the greater body mass index in the current trial

participants (26.9 vs. 20.6 kg/m2). However, neither black race

nor body mass index were predictors of FMD change in this trial

and so were unlikely to have led to these discrepant results. In

addition, the PTX drug concentrations found at weeks 4 and 8

were comparable to those seen in our pilot trial. Of note,

NTGMD did not change in either arm during this trial, suggesting

that there were no changes in the inherent ability of the vascular

endothelium to react to nitric oxide. Therefore, it is not clear why

we observed the impressive improvements in FMD in our pilot

trial and yet negative results in the current trial, although we

cannot rule out the possibilities that the pilot trial’s results were

due to chance or biased due to the open-label design.

FMD generally declined in this study cohort, with the largest

reductions in FMD occurring in those with the highest FMD at

baseline, thus, regression to the mean cannot be excluded. When

examining baseline FMD and sex together, baseline FMD

remained significantly associated with changes in FMD after 8

weeks with sex only marginally associated with this change. A

larger sample size may have led to finding that sex remained

independently associated with change in FMD. Of note, we

cannot exclude the possibility that PTX may be beneficial in white

HIV-infected women as none were enrolled in this trial.

Although this study was relatively small, the sample size was

conservatively and justifiably based on our positive pilot results.

Moreover, given the FMD outcomes observed, it would be

unlikely to find differences between arms, let alone a positive

benefit of PTX, in a larger trial. This sample had sufficient power

to find differences in the inflammatory markers found to be

significantly reduced in our pilot trial, namely sVCAM-1 and IP-

10. However, we recognize that a larger sample potentially could

have provided greater power to find differences in these secondary

endpoint measures and allowed better assessments of the changes

in FMD and biomarkers in specific subgroups.

Overall, PTX was well-tolerated. Compared to placebo, the

PTX participants did not report a greater frequency of gastroin-

testinal adverse events which have been previously associated with

the use of this drug [22]. Although there was not a statistically

significant increase in laboratory toxicities with PTX, the two

neutropenia events, one of which led to drug discontinuation,

suggests that this particular adverse event should be monitored for

closely in other trials of PTX. In addition, the two participants

who were lost to follow-up were both randomized to the PTX

arm, so we cannot exclude the possibility of PTX-related adverse

events in these two participants.

Our trial is unique in that changes in FMD and the biomarkers

purportedly associated with cardiovascular disease in the HIV-

infected population were assessed over time without the con-

founding influence of ART. This was possible as the treatment

guidelines at the time at which this study was performed

recommended ART initiation only in those with CD4 cell counts

,350/mL. With current recommendations to initiate ART

immediately without regard to CD4 cell count, such studies will

likely not be possible in the future. We also note that the negative

results of this current trial do not necessarily extend to those

receiving ART, although we will examine this possibility in the

aforementioned second trial of PTX.

In conclusion, PTX did not reduce systemic inflammation or

improve endothelial function in HIV-infected persons not

requiring antiretroviral therapy. Additional research investigating

the utility of other anti-inflammatory interventions is clearly

needed.

Table 3. Vascular Measures during the Trial by Sex.

Characteristic Men Women P-value1

Resting brachial artery
diameter, cm

Baseline 0.45 (19; 0.05) 0.38 (7; 0.06) 0.04

Week 4 0.45 (18; 0.05) 0.37 (6; 0.06) 0.02

Week 8 0.44 (17; 0.04) 0.39 (5; 0.07) 0.15

Flow-mediated
dilation (%)

Baseline 3.20 (19; 1.42) 5.33 (7; 4.21) 0.24

Week 4 2.54 (18; 1.57) 3.98 (6; 3.76) 0.40

Week 8 2.56 (17; 1.52) 2.59 (5; 2.04) 0.97

Notes: Data presented as means (N; standard deviations). All 13 placebo
subjects had vascular imaging data available at all study visits. Of the 13
pentoxifylline subjects, 11 and 9 had vascular imaging data available at weeks 4
and 8 respectively.
1For comparisons between men and women.
doi:10.1371/journal.pone.0060852.t003
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Table 4. Immunologic, Virologic, Inflammatory, Coagulation, Metabolic, and Pentoxifylline Concentration Levels during the Trial.

Characteristic Placebo Pentoxifylline P-value1

CD4 cell count/mL

Baseline 583 (175) 524 (165) 0.39

Week 4 534 (206) 601 (269) 0.52

Week 8 526 (165) 494 (208) 0.72

CD3+CD8+CD38+HLA-DR+proportions (%)

Baseline 36 (19) 39 (15) 0.69

Week 8 36 (19) 41 (17) 0.52

HIV-1 RNA, log10copies/mL

Baseline 4.0 (1.2) 4.0 (0.7) 0.88

Week 4 3.9 (1.1) 4.0 (4.5) 0.72

Week 8 4.0 (1.0) 4.0 (0.8) 0.87

hsCRP, log10mg/L

Baseline 0.27 (0.41) 0.25 (0.57) 0.95

Week 4 0.36 (0.57) 0.37 (0.80) 0.74

Week 8 20.01 (0.45) 0.15 (0.81) 0.58

IL-6, pg/ml

Baseline 1.91 (1.53) 2.61 (2.59) 0.41

Week 4 3.44 (6.52) 2.91 (2.45) 0.79

Week 8 1.7 (1.55) 5.26 (10.2) 0.30

TIMP-1, ng/ml

Baseline 99 (17) 117 (35) 0.12

Week 4 98 (20) 112 (31) 0.21

Week 8 91 (14) 109 (25) 0.06

sVCAM-1, ng/mL

Baseline 1037 (399) 1108 (273) 0.60

Week 4 1081 (419) 1156 (283) 0.6

Week 8 1098 (462) 1130 (281) 0.84

sTNFRI, pg/mL

Baseline 1125 (249) 851 (379) 0.04

Week 4 1047 (244) 805 (298) 0.04

Week 8 1042 (205) 805 (298) 0.12

sTNFRII, pg/mL

Baseline 7239 (2606) 7736 (2141) 0.60

Week 4 7163 (2106) 7762 (2562) 0.54

Week 8 7455 (2405) 7549 (1945) 0.92

MCP-1, pg/mL

Baseline 237 (75) 202 (76) 0.24

Week 4 193 (55) 205 (100) 0.71

Week 8 217 (55) 207 (106) 0.80

IP-10, pg/mL

Baseline 432 (330) 552 (331) 0.36

Week 4 386 (283) 528 (324) 0.27

Week 8 377 (295) 440 (182) 0.53

PAI-1 Ag, ng/ml

Baseline 17.3 (6.9) 43.3 (27.5) 0.01

Week 4 20.3 (13.0) 22.4 (14.5) 0.72

Week 8 18.6 (8.6) 29.4 (10.6) 0.02

Total cholesterol, mg/dL

Baseline 150 (34) 149 (27) 0.92
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Table 4. Cont.

Characteristic Placebo Pentoxifylline P-value1

Week 4 145 (38) 152 (31) 0.67

Week 8 146 (26) 142 (34) 0.78

HDL-C, mg/dL

Baseline 39 (11) 38 (11) 0.68

Week 4 38 (10) 39 (12) 0.85

Week 8 39 (11) 35 (10) 0.33

LDL-C, mg/dL

Baseline 95 (29) 90 (28) 0.65

Week 4 92 (31) 95 (31) 0.83

Week 8 90 (21) 86 (28) 0.73

Triglycerides, mg/dL

Baseline 81 (29) 108 (45) 0.08

Week 4 77 (30) 89 (41) 0.43

Week 8 84 (33) 112 (78) 0.31

HOMA-IR

Baseline 2.04 (2.19) 2.96 (3.97) 0.48

Week 4 1.97 (1.82) 2.28 (2.99) 0.78

Week 8 2.19 (1.72) 2.85 (2.92) 0.54

Pentoxifylline concentration, ng/mL

Week 4 0 (0) 89 (120)

Week 8 0 (0) 61 (65)

Notes: Data presented as means (standard deviations) or as No. (%). All 13 placebo subjects had samples available at all study visits. Of the 13 pentoxifylline subjects, 11
and 10 had samples available at weeks 4 and 8, respectively. hsCRP, high sensitivity C-reactive protein; IL-6, interleukin-6; HDL-C, high density lipoprotein-cholesterol;
LDL-C, low density lipoprotein-cholesterol; TIMP-1, tissue inhibitor of metalloproteinase-1; sVCAM-1, soluble vascular cell adhesion molecule-1; sTNFRI and sTNFRII,
soluble tumor necrosis factor-a receptors I and II; MCP-1, monocyte chemoattractant protein-1; IP-10, interferon-c-induced protein-10; PAI-1 Ag, plasminogen activating
inhibitor antigen-1; HOMA-IR, homeostatic model assessment-insulin resistance.
1For comparisons between placebo and pentoxifylline groups.
doi:10.1371/journal.pone.0060852.t004

Table 5. Adverse Events during the Trial.

Characteristic Placebo Pentoxifylline P-value1

Symptoms

Total 21 14 0.73

Gastrointestinal 8 7

Rash 2 1

Flushing 2 0

Headache 1 2

Cough 2 0

Other 6 4

Laboratory Abnormalities

Total 2 6 0.86

Neutropenia 0 2

Hypokalemia 0 1

Hyperkalemia 1 0

Elevated liver function tests 1 1

Hyperglycemia 0 1

Dipstick proteinuria 0 1

Notes: Data are cumulative number of adverse events.
1For comparisons between placebo and pentoxifylline groups.
doi:10.1371/journal.pone.0060852.t005
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