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A pilot trial of pentoxifylline on endothelial function and inflammation in HIV-infected patients initiating
antiretroviral therapy

Systemic and vascular inflammation are thought to be the
key mechanisms underlying the increased risk of
cardiovascular disease (CVD) in those with HIV infection
[1,2]. Antiretroviral therapy (ART) reduces, but does not
necessarily normalize, systemic inflammation [3]. As
such, adjunctive strategies to further reduce inflammation
may be helpful in mitigating the risk of CVD in HIV.

In a single-arm, open-label, 8-week, pilot study, we
reported that pentoxifylline (PTX) reduced circulating
levels of IFN-g-induced protein 10 and soluble vascular
cell adhesion molecule-1 and improved endothelial
function [measured as flow-mediated dilation (FMD)
of the brachial artery] in HIV-infected patients not
receiving ART [4]. However, in a randomized, placebo-
controlled trial of PTX in a similarly untreated
population, we did not confirm that PTX reduced
inflammation or improved endothelial function [5]. In
fact, PTX unexpectedly led to significantly increased
circulating soluble tumor necrosis factor-1 (sTNFR1)
levels compared with placebo in this trial. However, the
potential effects of PTX on FMD and inflammation in a
population initiating ART are unknown. Thus, we

conducted a randomized, placebo-controlled, single-
center pilot trial of PTX 400 mg thrice daily given for
48 weeks in patients concurrently initiating ART
(ClinicalTrials.gov NCT00864916).

The eligibility criteria, procedures, and methods in the
current study were similar to our previous trial in patients
not receiving ART [5]. Participants were instructed to
start ART, as chosen by the primary HIV provider, and
the study drug together at study entry. Study visits
occurred at weeks 0, 8, 24, and 48. No restrictions were
made on the ART components or initial CD4þ cell
count. The primary endpoint was change in brachial
artery FMD, measured using B-mode ultrasound after
5 min of forearm cuff occlusion to a supra-systolic
pressure, as previously described [5]. All scans were
performed by a certified sonographer and read at the
University of Wisconsin, the brachial artery reactivity
testing reading center for the NHLBI HIV-CVD
collaborative, by a single reader [5]. This trial was
approved by the Indiana University Institutional Review
Board; all participants provided their written, informed
consent. The use of PTX for the purpose of reducing
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inflammation and improving endothelial function is
unlabeled and considered investigational.

Linear mixed effects models were constructed to evaluate
changes in FMD and the circulating biomarkers both
between groups and over time. Additional models were
constructed to evaluate the effects of individual
biomarkers (listed in Table 1), baseline brachial artery
diameter, CD4þ cell count, and HIV-1 RNA levels on
changes in FMD. We also constructed linear mixed effects
models assessing treatment group by week interactions
and including HIV-1 RNA levels at each study visit as a
covariate. Two-sided P values less than 0.05 were
considered statistically significant.

We enrolled 19 participants (10 in the PTX group and 9
in the placebo group). At weeks 8, 24, and 48, the
numbers of participants remaining in the PTX and
placebo arms were, respectively, 9 and 7, 8 and 6, and 4

and 5. The baseline characteristics of the enrolled
participants are shown in Table 1. The two study groups
were balanced. The majority of the study participants
were black men with over half being current smokers.
Table 1 shows the baseline brachial artery diameter, FMD,
and nitroglycerin-mediated dilation (NTGMD) values at
each time point. The changes in FMD (SD) in the PTX
vs. the placebo groups at weeks 8, 24, and 48 were,
respectively, �3.60% (2.54%) vs. 1.91% (2.46%), 0.72%
(3.71%) vs. 1.07% (1.77%), and 0.01% (3.22%) vs. 2.23%
(1.42%). In all models constructed comparing these
changes in FMD, even after adjustment for changes in
HIV-1 RNA levels, we did not find significant differences
between the PTX and placebo groups at any time point.
There were also no significant changes between groups or
over time in all models for NTGMD.

In our models assessing the changes in the circulating
biomarkers, we found smaller declines from baseline in
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Table 1. Baseline (week 0) characteristics of the study groups and vascular measures during the trial.

Baseline characteristics Total (n¼19) PTX (n¼10) Placebo (n¼9) P value

Age (years) 36 (10.6) 38 (12.1) 34 (8.8) 0.44
Male sex, n (%) 16 (84%) 9 (90%) 7 (78%) 0.58
Black race, n (%) 12 (63%) 5 (50%) 7 (78%) 0.35
Current smoker, n (%) 11 (58%) 7 (70%) 4 (44%) 0.37
BMI (kg/m2) 26.9 (6.3) 25.4 (4.1) 28.5 (8.1) 0.39
CD4þ cell count (cells/ml) 230 (191) 208 (225) 252 (161) 0.56
CD3þCD8þCD38þHLA-DRþ cells (%) 49.4 (14.8) 52.9 (9.7) 45.0 (19.2) 0.19
HIV-1 RNA log10copies/mL 4.97 (0.79) 5.10 (0.91) 4.82 (0.65) 0.45
MCP-1 (pg/ml) 346.07 (164.31) 271.02 (101.84) 429.46 (184.97) 0.06
hsCRP (mg/ml) 4.07 (9.79) 1.67 (2.26) 6.74 (13.95) 0.13
ADMA (mmol/l) 0.71 (0.19) 0.78 (0.22) 0.64 (0.12) 0.24
IL-6 (pg/ml) 3.74 (2.9) 2.86 (1.31) 4.71 (3.86) 0.26
sVCAM-1 (ng/ml) 1148.8 (379.0) 1227.7 (373.7) 1061.2 (387.1) 0.35
sTNFR1 (pg/ml) 1074.8 (317.8) 1071.2 (394.8) 1078.9 (227.6) 0.96
sTNFR2 (pg/ml) 10199.3 (4001.0) 10882.2 (3956.6) 9440.5 (4144.5) 0.45
IP-10 (pg/ml) 609.6 (244.6) 602.6 (246.9) 617.5 (256.8) 0.93
Total cholesterol (mg/dl) 135.5 (24.2) 130.7 (23.4) 140.8 (25.5) 0.36
HDL-C (mg/dl) 35.8 (10.2) 36.4 (12.2) 35.2 (8.2) 0.93
LDL-C (mg/dl) 77.3 (21.6) 70.9 (21.1) 84.5 (21.0) 0.18
Triglycerides (mg/dl) 111.3 (66.9) 116.7 (78.6) 105.3 (55.2) 0.95
HOMA-IR 1.74 (1.06) 1.75 (0.89) 1.73 (1.32) 0.97
Urine protein/creatinine (g/g) 16.96 (16.93) 9.34 (5.48) 25.43 (21.39) 0.09
Urine albumin/creatinine (mg/g) 5.0 (10.0) 2.0 (2.0) 9.0 (14.0) 0.16
Estimated GFR (ml/min/1.732) 89.6 (21.7) 89.2 (23.0) 90.1 (21.6) 0.93
Vascular parameters during the trial

Brachial artery diameter (cm) Week 0 0.44 (0.06) 0.43 (0.06) 0.44 (0.06) 0.56
Week 8 0.45 (0.06) 0.45 (0.08) 0.46 (0.04) 0.57
Week 24 0.47 (0.05) 0.46 (0.07) 0.48 (0.02) 0.43
Week 48 0.50 (0.06) 0.50 (0.10) 0.50 (0.01) 0.90

FMD (%) Week 0 4.27 (3.49) 4.43 (2.58) 4.07 (4.57) 0.41
Week 8 4.24 (2.54) 4.60 (2.71) 3.77 (2.45) 0.66
Week 24 3.91 (3.65) 4.44 (4.65) 3.16 (1.71) 0.85
Week 48 2.81 (2.15) 2.25 (2.92) 3.36 (1.44) 0.42

NTGMD (%) Week 0 18.21 (7.69) 18.40 (9.01) 17.95 (5.97) 0.90
Week 8 16.64 (6.69) 16.03 (7.64) 17.5 (5.84) 0.71
Week 24 15.11 (5.30) 16.25 (5.18) 13.52 (5.62) 0.41
Week 48 14.21 (4.64) 11.54 (3.69) 16.88 (4.34) 0.18

Data presented as means (SD) or as n (%). Student’s t tests and associated P values were used for comparison between the pentoxifylline and
placebo groups. GFR estimated using the 2012 CKD-EPI creatinine-cystatin C combined equation. At weeks 8, 24, and 48, the numbers of
participants remaining in the pentoxifylline and placebo arms were, respectively, 9 and 7, 8 and 6, and 4 and 5. ADMA, asymmetric dimethyl
arginine; FMD, flow-mediated dilation; HDL-C, HDL cholesterol; HOMA-IR, homeostasis model assessment-insulin resistance; hsCRP, high
sensitivity C-reactive protein; IP-10, IFN-g-inducible protein-10; MCP-1, monocyte chemoattractant protein-1; NTGMD, nitroglycerin-mediated
dilation; sTNFR1, soluble tumor necrosis factor receptor 1; sVCAM-1, soluble vascular cell adhesion molecule-1; LDL-C, LDL cholesterol; PTX,
pentoxifylline.
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the PTX group vs. the placebo group in levels of
monocyte chemoattractant protein-1 (MCP-1, pg/ml)
[week 8: �68.18 (83.61) vs. �242.64 (180.66), P¼ 0.01;
week 24: �30.04 (129.17) vs. �225.71 (181.28),
P¼ 0.027; and week 48: �61.90 (113.69) vs. �202.02
(185.62), P¼ 0.077] and IL-6 (pg/ml) [week 8: �1.27
(1.57) vs. �2.73 (3.91), P¼ 0.30; week 24: �0.29 (2.23)
vs. �2.28 (3.46), P¼ 0.033; and week 48: �0.12 (0.41)
vs. �3.13 (3.26) (P¼ 0.045)] but trends toward greater
declines in levels of asymmetric dimethylarginine
(ADMA, mmol/l) in the PTX group compared with
the placebo group [week 8: �0.27 (0.17) vs. �0.16
(0.12), P¼ 0.12; week 24:�0.31 (0.19) vs.�0.15 (0.07),
P¼ 0.03; and week 48: �0.35 (0.25) vs. �0.18 (0.15),
P¼ 0.06]. There were no significant changes between
groups in the other biomarkers assessed at any time point.

There was one serious adverse event in the PTX group
(suicidal ideation with overdose of a nonstudy drug which
did not result in death) but none in the placebo group.
There was a nonsignificantly higher number of gastroin-
testinal adverse events (nausea, flatus, and diarrhea) with
PTX (6 of 10 participants) compared with placebo (two of
nine participants), none of which were treatment-limiting.

In this pilot, randomized, placebo-controlled trial, we did
not find that PTX improved endothelial function in HIV-
infected patients over the first year of ART. These results
are in line with our previous trial in patients not receiving
ART. However, in the current trial, we found that PTX
may attenuate reductions in MCP-1 and IL-6 and
possibly greater reductions in ADMA compared with
placebo. We did not find any significant effects of PTX on
sTNFR1 as we had in our previous trial of PTX in
patients not receiving ART. To our knowledge, these
potential effects of PTX on the proatherogenic molecules
MCP-1, IL-6, and ADMA have not previously been
described. Although we cannot fully explain the latter
results, these data add to our previous trial in those not
receiving ART showing that PTX may have mixed and
potentially adverse effects on inflammatory and endo-
thelial activation pathways. Our results are limited by the
small sample size, so they must be considered exploratory
as we cannot exclude the possibility a larger, longer study
or one that involved patients chronically treated with
ART may have found an effect of PTX on vascular
function. We acknowledge that the numbers of statistical
tests performed may have led to false positive findings,
especially in regard to the biomarker comparisons.

Because PTX is considered safe and very well tolerated
[5–7], it has been considered as an ideal anti-inflammatory
agent for chronic inflammatory conditions. For this reason,
it is currently being studied in trials in HIV-uninfected
patients for nonalcoholic steatohepatitis, irritable bowel
syndrome, chronic kidney disease, and congestive heart
failure (ClinicalTrials.gov). However, the lack of improve-
ment in endothelial function and the potentially worri-

some effects on several proatherogenic inflammatory
molecules in our trials should be considered before using
PTX in future trials in HIV-infected patients.
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consultant to Gilead and AstraZeneca and receives research
support through his university from Gilead, Serono,
Merck, BMS, and ViiV. Dr J. H. Stein participates on the
Data and Safety Monitoring Boards for Abbott, Lilly and
Takeda (not HIV-related clinical trials) and receives
royalties from the Wisconsin Alumni Research Foundation
for patent related to ultrasound and arterial aging.

Author contributions: Study conception and design:
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A case of hereditary coproporphyria precipitated by efavirenz

There are rare but increasing reports of exacerbations of
acute porphyrias precipitated by antiretrovirals [1–3]. We
describe the first report of an acute attack in a patient with
hereditary coproporphyria precipitated by efavirenz-
based combination antiretroviral therapy (cART) with
full recovery following replacement with raltegravir.

A 25-year-old Colombian male student was diagnosed
HIV-1 antibody positive on routine screening, having
tested antibody negative 1 year previously. Baseline
CD4þ cell count was 415 cells/ml (28%) and HIV-1 viral
load was 16 668 copies/ml. He was hepatitis C IgG
negative and hepatitis B surface antigen negative, with
no comorbidities, concomitant medication, or recrea-
tional drug use. No family history was available because
the patient was adopted. He was commenced on
antiretroviral therapy with tenofovir, lamivudine, and
efavirenz in line with current British HIV Association
guidelines [4].

He presented 2 weeks later with vomiting, constipation,
and colicky umbilical and right iliac fossa pain. Clinical
examination revealed mild generalised abdominal tender-
ness. Plasma sodium was 133 mmol/l and potassium
4.4 mmol/l. Alanine transaminase was 71 iU/l, bilirubin
11 mmol/l, alkaline phosphatase 63 iU/l, and amylase
166 iU/l. Full blood count was normal as were thyroid
function, lactate, bicarbonate, 9am cortisol, glucose,
creatinine, and creatine kinase. An autoimmune screen,
including antinuclear antibody, anti-neutrophil cyto-
plasmic antibody, immunoglobulins, and complement
was negative. Chest and abdominal radiographs, an
abdominal ultrasound, and abdominal computed tom-
ography were normal. He received treatment for a

presumptive viral gastroenteritis with intravenous normal
saline, antiemetics (cyclizine and ondansetron), and
analgesia (paracetamol, ibuprofen, and morphine sulfate).

Over the subsequent 3 days, his pain worsened, and
plasma sodium decreased to 118 mmol/l. Urine and
plasma osmolalities were consistent with the syndrome of
inappropriate antidiuretic hormone secretion, at 572 and
247 mmol/kg, respectively. He subsequently developed
dark red urine, with dipstick testing showing ketones
only. He additionally described transient auditory and
visual hallucinations.

Urine porphobilinogen was increased, consistent with an
acute attack of porphyria. Urine porphyrins were raised at
156 nmol/mmol creatinine (normal range 0–30).
Stool porphyrins were increased, with a coproporphyrin
isomer III : I of 13.2 (normal range <1.4). Plasma
porphyrins showed a fluorescence emission peak at
620 nm. Efavirenz was switched to raltegravir, with
continuation of tenofovir and lamivudine, and the patient
received four infusions of haem arginate on consecutive
days. His symptoms and biochemical abnormalities
resolved over the following week. At 5 weeks post-
initiation of cART, CD4þ cell count was 503 cells/ml
(27%) and viral load was less than 40 copies/ml.
Subsequent genetic testing confirmed heterozygosity
for c.717T>A in the coproporphyrinogen oxidase
gene, predicted amino acid p.Cys239Ter. This is a new
mutation and is a nonsense change, which would be
expected to cause premature termination of translation
and hence reduce enzyme activity. The identification of
this pathogenic CPOX mutation confirmed hereditary
coproporphyria.
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