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Active ingredients: Rosuvastatin (5 mg).

Study title: Prevention of Atherosclerosis in Patients Living with HIV.

Phase of study: Phase III.

Aims: Primary aim:

e To assess whether rosuvastatin therapy could slow the progression of the carotid intima-media
thickness (C-IMT; as measured by the change in the mean IMT of the near and far walls of
the distal common carotid arteries) over 2 years in HIV-infected patients (HIV-IP).

Secondary aims:

e To assess whether rosuvastatin therapy could reduce highly sensitive C reactive protein
(hs-CRP) inflammatory marker that is increased in HIV-IP.

e To assess the effect of rosuvastatin therapy on serum lipid levels (total cholesterol [TC],
low-density lipoprotein [LDL] cholesterol, high-density lipoprotein [HDL] cholesterol and
triglycerides [TG]) and apolipoproteins (APO A1, APO B and APO B/A1l).

e To assess the safety of rosuvastatin in HIV-IP through the evaluation of clinical laboratory
analyses (liver function tests and creatine kinase) and adverse events (AEs).

Study design: Two-year randomized, double-blind, placebo-controlled, parallel group study.

Planned sample size: 320 HIV-IP.

Summary of eligibility criteria: HIV-IP who are aged between 30 and 60 years, with a

CD4 count. greater than 200 cells/mm?. Patients must be stable on combination antiretroviral

therapy (cART) for at least 12 months and have a 10-year CVD risk of less than 20% (using

the Framingham risk score).

Number of study centers: One.

Duration of treatment: Two years (5 mg rosuvastatin or placebo once daily).

Dose and route of administration: Oral rosuvastatin (5 mg) once daily.

The incidence of cardiovascular disease (CVD) in HIV-IP is at least three times higher than in

the general population and further increases each year with combination anti-retroviral therapy

(cART). The carotid atherosclerosis progression rate is 10 times higher in HIV-IP than in uninfected

individuals. The aim of this study is to assess whether therapy with 5 mg rosuvastatin could:

1) Slow the progression in the mean IMT of the distal common carotid arteries over two years
in HIV-IP.

2) Change the concentration in the inflammatory marker — hs-CRP, which is increased in HIV-IP.

3) Change the concentrations of TC, LDL cholesterol, HDL cholesterol, TG, apolipoproteins
(APO) B, APO Al and APO B/AL.

4) Be administered safely in the study population.

Pharmacological intervention with rosuvastatin will be evaluated in a double-blind,

placebo-controlled, randomized clinical trial in HIV-IP treated with cART not matching the

published selection criteria for lipid-lowering therapy. For the first time, this study will inves-
tigate anti-inflammatory and anti-atherogenic effects of a pharmacological lipid-lowering agent
in HIV-IP that may lead to the reduction of CVD.

Keywords: rosuvastatin, atherosclerosis, cardiovascular disease, HIV, clinical trial protocol

Vascular Health and Risk Management 2009:5 287-300 287
© 2009 De Lorenzo et al, publisher and licensee Dove Medical Press Ltd.This is an Open Access

article which permits unrestricted noncommercial use, provided the original work is properly cited.



De Lorenzo et al

Background information

Introduction

HIV infection and cardiovascular disease risk

Clinicians who treat HIV-infected patients (HIV-IP) are

increasingly concerned in regard to cardiovascular (CV) risk

associated with combination antiretroviral therapy (cART)."?

HIV-IP have significant risk factors for the development of

cardiovascular disease (CVD):

1) HIV infection and its treatment affect endothelial func-
tion, induce vascular inflammation and carotid athero-
sclerosis.?

2) In HIV-IP high-sensitivity C-reactive (hs-CRP) protein
concentration is increased and has been shown to predict
mortality.?

3) HIV and its treatment are associated with pro-atherogenic
dyslipidemia,' which is an important risk factor for the
development of CVD.*

4) The Framingham risk equation underestimates the risk
of developing CVD in HIV-IP.’

5) HIV infection is associated with a state of chronic immune
activation® that persists in patients on cART who achieve
suppression of viral replication.”

6) CVD is the fourth cause of death in HIV-IP.!

The best evidence linking HIV infection and its treatment
to increased CV risk comes from the D:A:D cohort, a large epi-
demiological study that combined data from several primary
care clinics in Europe and the United States. The D:A:D study
demonstrated an increased incidence of myocardial infarction
and CV events in HIV-IP who were receiving cART.®® The
incidence of coronary heart disease in HIV-IP is at least three
times the incidence in the general population and increases
with increasing exposure to cART.!° Lipid-lowering therapy
has been shown to reduce CV events in a large number of
studies;!'"'3 however there are no data available in HIV-IP.

Atherosclerosis in patients living
with HIV — State of Science Conference in 2007
Scientists and healthcare providers convened in June 2007 for
the ‘State of the Science Conference: Initiative to decrease
cardiovascular risk and increase quality of care for patients
living with HIV/AIDS’, a joint effort of the American Heart
Association (AHA) and the American Academy of HIV
Medicine. The conference proceedings are published online
in Circulation, the Journal of the American Heart Association
and the Journal of Acquired Immune Deficiency Syndrome.'*
Among the group’s key findings:
1) Clinical trials focusing on atherosclerosis prevention that
specifically target HIV patients are much needed. In order

to achieve progress in the prevention of CV complications
of HIV, important gap areas in our knowledge need to be
clearly spelled out and targeted for further research.

2) Therate of progression of carotid intima-media thickness
(C-IMT) over time is valuable in determining cardiovas-
cular risk in HIV-IP.

3) Therisk for heart attack is 70% to 80% higher among people
with HIV compared to those who do not have HIV.

4) Use of agents for lipid lowering may improve individual
CV risk in the HIV population.

5) Newer inflammatory biomarkers, such as hs-CRP may prove
useful for identifying infected patients at risk for CVD (of
the biomarkers only hs-CRP has been recommended for use
in clinical practice by CDC and prevention and the AHA).

HIV antiretroviral therapy and cardiovascular

disease risk

The current cART regimens include two nucleoside reverse
transcriptase inhibitors (NRTI) in combination with either a
non-nucleoside reverse transcriptase inhibitor (NNRTI) or
a boosted protease inhibitor (PI).!* Antiretroviral therapy has
been associated with lipid metabolism disorders and insulin
resistance increasing the risk of CV disease.'® Results from
clinical trials suggest that most Pls increase both triglycerides
(TG) and total cholesterol (TC). Approximately 30% to 40%
of HIV-IP starting boosted PI-containing regimens show an
increase in TG and TC at 48 weeks.!® The mechanisms by
which HIV infection and cART cause lipid dysregulation are
not fully elucidated and many investigations are currently
underway. However, the association between cART and the
risk of myocardial infarction is obvious.'”*! The International
Forum for Collaborative HIV research has thus highlighted
the need to identify and manage HIV-IP at increased risk of
developing CVD.?

Progression of atherosclerosis as assessed
by C-IMT in HIV-IP
Measurement of C-IMT with high-resolution B-mode
ultrasound is a well-accepted, noninvasive method of assessing
atherosclerosis and tracking its progression. C-IMT measure-
ments correlate well with pathological measurements* and
are potent predictors of myocardial infarction and stroke,
even after adjustment for other risk factors.?*?* Progression
of C-IMT can be measured reliably over time*” and has been
used as an endpoint in clinical trials in which treatment reduced
both C-IMT progression and CV events.*

Carotid B-mode ultrasound has been used in several studies
to assess atherosclerosis in HIV-IP. Maggi et al reported that
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carotid plaques were more common in 55 patients receiving
PI than in 47 PI-naive patients.” In a larger series, investiga-
tors from the Swiss HIV Cohort Study found that carotid and
femoral artery plaques were associated with classic coronary
risk factors and not with PI use.*® Seminari et al found that
carotid IMT was increased in 28 HIV-IP receiving PI com-
pared with measurements in 15 Pl-naive patients and 16
HIV-negative subjects.?! Chironi et al reported that 36 HIV-IP
receiving PI had C-IMT equal to that of non-HIV subjects
with similar lipid and glucose disturbances;* both groups
had increased C-IMT compared with control subjects with-
out lipid and glucose abnormalities. In another study of 423
HIV-IP, conventional risk factors but not lipodystrophy or
cART were independent predictors of increased C-IMT.*

The findings of Hsue et al indicated that HIV-IP have
greater C-IMT compared with age- and sex-matched control
subjects.>**3 Furthermore, the rate of progression of C-IMT
in HIV-IP of ~0.074 mm/year was several-fold higher than the
rate of ~0.006 mm/year reported in non—HIV-IP. Of interest, in
45 of the 121 HIV-infected patients (or HIV-IP) (37%), mean
carotid C-IMT progressed by =0.10 mm/year.’

Because increasing C-IMT is an independent predictor of
stroke and myocardial infarction in other populations,** 2 the
findings of Hsue et al study suggest that the rate of vascular
events is likely to increase substantially in HIV-IP.* The patho-
genesis of accelerated atherosclerosis in HIV-IP has not been
adequately studied, and the degree to which classic coronary
risk factors are responsible, as opposed to HI V-related factors
and factors related to treatment, is not known. Additional
studies with longer follow-up are needed to determine the
cause of accelerated atherosclerosis in HIV-IP.

Impact of statins on structural and functional

changes of the vasculature in HIV-IP

C-IMT is considered to be an objective marker of early
atherosclerosis.’ It has been demonstrated that C-IMT is a
reliable indicator for studying the long-term effects of anti-
retroviral treatment, but systematic longitudinal observations
are scarce. The only longitudinal study in HIV-IP found
C-IMT progression rate to be 10 times higher in the treatment
group than the control group,’ suggesting that both traditional
risk factors and the PI therapy were affecting atherosclerosis.
The mean C-IMT was 0.90 £ 0.27 mm higher than expected
from a large population study of similarly aged individuals.
The mean progression rate was 0.1 = 0.1 mm/year, which was
greatly accelerated compared to 0.01 £ mm/year from pub-
lished report of non-HIV-IP. Recently Charakida et al have
demonstrated that HIV infection in childhood is associated

with adverse structural and functional vascular changes that
are most pronounced in children exposed to PI therapy.’
Yu et al documented that statin-therapy significantly reduced
C-IMT and inflammatory markers in patients with CVD in
26 weeks.’” The Meteor study demonstrated the efficacy of
rosuvastatin in reducing progression of C-IMT (over 2 years)
in a randomized clinical trial in low risk individuals with
subclinical atherosclerosis.*

Rosuvastatin and C-IMT changes

A 19% reduction in coronary mortality has been recorded
per 1.0 mmol/L (38.7 mg/dL) decrease in LDL cholesterol.*
Statins also have been shown to slow the progression of
and even regress atherosclerosis.* This has been demon-
strated in coronary atherosclerosis by quantitative coronary
angiography, intravascular ultrasound and carotid athero-
sclerosis by B-mode ultrasound measurement of C-IMT . #1=
Most clinical trials of lipid-lowering efficacy have shown that
lowering lipid levels is beneficial irrespective of baseline LDL
cholesterol level. However, the majority of such trials have
been performed in high-risk populations, in individuals with
high lipid concentrations or in patients with existing CVD but
not in those with HIV/AIDS. Rosuvastatin is effective in low-
ering LDL cholesterol concentrations.*#” Rosuvastatin also
has favorable effects on other components of the lipid profile,
raising HDL cholesterol and reducing TC and TG.*

Involvement of hs-CRP in atherogenesis

A number of biomarkers that appear to be linked to inflam-
mation and atherogenesis have been identified and hs-CRP
has attracted particular attention. Plasma hs-CRP has a long
half-life, exhibits stable concentrations in individuals, has
negligible circadian variation and can be easily measured.
As a downstream biomarker, hs-CRP provides a functional
integration of overall upstream cytokine activation and
exhibits activities that may initiate and stimulate progression
of vascular disease, including the binding and activation of
complement. It has also been shown that high concentra-
tion of plasma hs-CRP is associated with elevated levels
of cell adhesion molecules (CAMs) and tissue factor, LDL
cholesterol uptake by endothelial macrophages. Moreover,
it induces the recruitment of monocytes into blood vessel
walls and increases the levels of monocyte chemoattractant
protein-122. hs-CRP has been widely considered as a predic-
tor of CVD.*** The currently recommended plasma hs-CRP
cut points are <1.0 mg/L for low risk, 1.0 to 3.0 mg/L for
average risk, and >3.0 mg/L for high risk.>® Accumulating
evidence suggests that inflammatory markers like hs-CRP
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may provide an adjunctive method for global assessment

of CV risk. Recent data suggest several biological effects

are mediated through hs-CRP activation of nuclear factor-
kappa B (NF-xB):*!

1) Up-regulation of chemokines that promotes neutrophil
and monocyte endothelial cell adhesion (IL-8), monocyte
chemotaxis and recruitment (MCP-1).

2) Up-regulation of key regulator of fibrinolysis by inhibiting

tissue plasminogen activator (PAI-1).

3) Up-regulation of soluble CAMs that activate monocyte

adhesion to endothelium (ICAM-1, VCAM-1).

4) Up-regulation of the primary initiator of the serine

protease cascade of the coagulation system promoting

thrombosis (Tissue Factor). Although these effects are
important in atherogenesis, they clearly contribute to
the genesis of acute coronary syndrome by recruiting

leukocytes and promoting thrombosis.

hs-CRP in HIV-IP
Hsue et al reported that HIV-IP have higher hs-CRP levels
than controls.”? The median hs-CRP level was 1.6 mg/L

Table | Detailed breakdown of screening visits

in HIV-IP compared to 0.7 mg/L in controls (p = 0.001).
Approximately 10% of HIV-IP had hs-CRP greater than
10 mg/L.>*> Noursadeghi suggested that the increased
hs-CRP is the consequence of HIV infection per se.*
Feldman et al reported that hs-CRP may be a useful and
inexpensive predictor of HIV disease mortality in women.*
Lau et al obtained a single measurement of hs-CRP from
513 HIV-infected men in a multicenter AIDS Cohort Study
to examine the association between hs-CRP and immune
suppression and progression to AIDS.> In this study, con-
centrations of hs-CRP were associated with HIV disease
progression independent of CD4 lymphocyte counts and
HIV RNA levels. In addition, regardless of progression to
AIDS, HIV-IP had a significant increase in hs-CRP over time.
hs-CRP levels tended to be quite high in HIV-IP, even with
virological suppression to <50 copies/mL over 3 years.’
Therefore, increased hs-CRP has significant implications
for CVD in HIV-IP.*¢ On the basis of the available evidence,
the Centers for Disease Control (CDC)/AHA suggest that
patients with moderate risk (10% to 20% risk of CVD over
10 years) may benefit from measurements of hs-CRP to

Pre-screening
visit

Baseline

Follow-up

visit

Time (days) 28 to 14 days

earlier

Day |

Month2 Monthé6 Month 12 Month I8 Month 24

Informed consent

Demographic data

Medical history/concomitant disease
Physical examination

Vital signs

ECG

Weight

Height

Urinalysis'

Hematology?

X X X X X X X X X X X

Clinical chemistry?

Vascular inflammation marker*

C-IMT®

Adherence questioning and compliance check
Adverse events

Drug dispensing

Concomitant medication check X

X X X X X X X X X

X X

X X X X
X X X X
X X X X
X X X X

X
X

X X X X X X X X

X X X X X X X X

X X X X X X X X
X X X X

X

'Urinalysis including drug screen and pregnancy test (female subjects).
2With a differential and clotting screen.

3Fasting for at least 10 hours and including creatinine, urea, potassium, sodium, bicarbonate, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, triglycerides, calcium, phosphate, liver function tests (ALT,AST, GGT), albumin, glucose, amylase and C-reactive protein (CRP).

*Vascular inflammation marker highly sensitive CRP (hs-CRP).
*Carotid ultrasound — C-IMT measurement.
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identify individuals who should be considered for medical
therapy.'

Pharmacological anti-inflammatory effect of statins
Evidence from clinical trials: Large clinical trials, such as 4S,
WOSCOPS, CARE, LIPID, AFCAPS/TexCAPS, ASCOTT-
LLA and HPS, provided unequivocal evidence that statins
reduce CV mortality and non-fatal vascular events.’’-°
The most compelling clinical data relating statin therapy to
anti-inflammatory mechanisms is derived from studies of
inflammatory biomarkers, such as C reactive protein (CRP).%
Individuals with elevated CRP (>3 mg/L) are at increased
risk for first, as well as recurrent, CV events independent
of lipid levels and disease severity as determined by global
risk-assessment tools such as the Framingham Risk Score
(FRS).® Multiple studies have demonstrated that statins as
a class lower median CRP level by 15% to 35% in a manner
largely independent of plasma lipid reduction.””*® Patients
who have low CRP levels after statin therapy have better
clinical outcomes than those with higher CRP levels, regard-
less of the resultant level of LDL cholesterol.* The effect of
statin therapy may result from:¢'¢

1) Actions dependent on lipid alterations.

2) Actions independent of lipid alterations but dependent on
inhibition of HMG-CoA reductase, such as that resulting
from cellular mevalonate depletion.

3) Distinct combinations of the above actions.

At present, there are no data available on the efficacy of
CVD primary prevention with lipid-lowering therapy (eg,
statins) in HIV-IP. In addition, no clinical trials have yet been
designed to evaluate the possibility that lipid-lowering agents
may interfere with inflammatory activity and early vascular
remodelling taking place in HIV-IP. HIV-IP (at increased
risk of developing CVD) with lipid metabolism disorders
are, therefore, still assessed and treated in accordance to the
global risk-assessment tools, such as the FRS used for the
general population.®® There is, therefore, an urgent clinical
need to identify the strategy for a beneficial primary preven-
tion (lipid-lowering-agent therapy) in HIV-IP.

Mechanisms of action of statins

Depletion of intracellular mevalonate inhibits the formation
of isoprenoids, farnesyl-pyrophosphate and geranylgeranyl-
pyrophosphate, and thus prenylation of many cell-signaling
proteins.® Prenylation is the attachment of isoprenoids to
proteins, a process which is necessary for insertion and
anchorage of proteins to cell membranes for the full biologi-
cal function. Rho is a small GTPase protein that mediates

activation of the pro-inflammatory transcription factor NF-
kB required for monocyte adhesion to endothelial cells.®
Statins, through mevalonate depletion and prevention of
prenylation, ultimately prevent monocyte and endothelial
interaction and reverse the above inflammatory processes
associated with atherosclerosis.® Plaque rupture and sta-
bilization has also been related to mechanisms that include
modulation of NF-xB and decrease prenylation of small
signaling Rho proteins.®>* NF-kB normally resides in the
cytoplasm bound to its inhibitor (IkB). In response to inflam-
matory stimuli, IkB is phosphorylated and degraded thereby
liberating NF-kB to translocate to the nucleus and induce
the expression of target genes.® Statins have been shown to
limit NF-kB nuclear accumulation and DNA binding, perhaps
via an increase in the expression of IkB.* NF-«xB regulates
expression of both adhesion molecules (eg, VCAM-1) and
selectins (eg, E-selectin)®® being responsible for up-regulation
of the inflammatory cytokines. Recent studies suggest that a
second mechanism by which statins confer favorable proper-
ties to the endothelium is through the induction of nuclear
factors, such as Kruppel-like factor 2 (KLF2) and peroxi-
some proliferators-activated receptors (PPARs).7® It has
been found that sustained expression of KLF2 induces key
factors, such as thrombomodulin, and inhibits the cytokine-
mediated activation of pro-adhesive, prothrombotic factors
(for example VCAM-1).97° The ability to inhibit endothelial
pro-inflammatory activation by KLF2 is due to inhibition
of NF-xB transcriptional activity.”” The mutual antagonism
between NF-kB and KLF2 might, therefore, serve as key
mechanism by which endothelial health is regulated. Of inter-
est, multiple statins can induce KLF2 expression.”' PPARYy
and PPAR — that have been identified in vascular cells and
shown to possess potent anti-inflammatory properties (in
part via inhibition of NF-kB) — can be augmented by statin
treatment.’>"” The early clinical benefits from lipid-lowering
therapy are attributed to the plaque-stabilizing properties of
statins, mediated through a combined reduction in lipids and
macrophages.’’

Rationale and need for the current study

In view of the present situation, strategies to estimate the
association between HIV disease, cCART and CV risk could
take a direct or indirect approach. A direct approach would
compare CVD rates or CVD markers within or between
large populations. For example a study to determine whether
statin therapy will lower the risk of CVD in people with
antiretroviral-induced lipid elevations would require several
thousand people followed for several years and would cost
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US$200 million or more, according to the International
Forum for Collaborative HIV research. Indirect strategies
(recommended by the Forum for Collaborative HI'V research)
to estimate the association between cART and CVD risk
could estimate the effect of anti-retrovirals on risk factors
and surrogate markers for CVD. As long as the questions
asked by a surrogate marker study are clear, the markers
to be included and the biology behind these markers have
to be considered carefully. CVD markers should measure
endothelial function, inflammation and macrophage acti-
vation. This study will produce evidence for the need of a
more aggressive primary prevention approach in HIV-IP.
The current identification of patients, in need of treatment,
is not satisfactory in view of the fact that within the same
age range the HIV-IP are at higher risk of developing CVD
compared to the general population.

Our study has been carefully designed to address a crucial
unanswered question regarding HIV infection, cART, progres-
sion of carotid atherosclerosis, statins and CVD, as follows:

Will statin therapy prevent progression of C-IMT over
2 years in HIV-IP? This issue is of exceptional clinical impor-
tance in accordance to the International Forum for Collabortaive
HIV Research and the recent statements from a group of experts
in HIV/CVD published by Circulation in June 2008.2? In fact,
progression of C-IMT in HIV-IP is 10 times higher than in unin-
fected individuals. Thus, a strong positive finding from this study
will dramatically affect prevention and would provide a clear
rationale for much broader use of statin therapy for the primary
prevention of CVD events than currently endorsed. On the other
hand, a negative finding would also be of great importance, as
it would direct the use of scarce prevention resources to other
non-statin methods for CVD reduction. By using rosuvastatin,
this study will also be addressing whether LDL-cholesterol
reduction has efficacy in primary prevention among those indi-
viduals that do not match the Joint British Societies’ Guidelines
on Prevention of Cardiovascular Disease in Clinical Practice
(JBS2) criteria for lipid-lowering therapy.™

Rationale for the use of rosuvastatin

Clinically relevant drug-drug interactions have been
reported between commonly used NNRTIs (inducers of
cytochrome P450 [CYP450] — mainly the isoforms 3A4
and 2B6) or ritonavir-boosted PIs (inhibitors of CYP450 —
mainly 3A4). Rosuvastatin, however, is not extensively
metabolized; approximately 10% of a radiolabelled dose
is recoverable as a metabolite. The major metabolite is
N-desmethyl rosuvastatin, which is formed principally
by CYP450 2C9. Nevertheless, unexpected drug-drug

interactions have been observed between lopinavir/ritonavir
in both HIV-IP” and healthy volunteers.” While lopinavir/
ritonavir concentrations are not affected by rosuvastatin
co-administration, an approximate 1.6- to 4-fold increase in
rosuvastatin exposure has been observed in the presence of
lopinavir/ritonavir. Rosuvastatin is safe when administered
at 5 mg once daily to patients on boosted PI and higher
doses should be avoided. Studies are needed to elucidate
the mechanism for this interaction.

AIM(S)

“Rosuvastatin slows progression of carotid atherosclerosis

(C-IMT) by down-regulating inflammation in plasma (as

assayed by plasma hs-CRP).”

Primary aim:

e To assess whether rosuvastatin therapy could slow the
progression of the C-IMT (as measured by the change
in the mean IMT of the near and far walls of the distal
common carotid arteries) over two years in HIV-IP.

Secondary aims:

e To assess whether rosuvastatin therapy could reduce
hs-CRP inflammatory marker that is increased in HIV-IP

e To assess the effect of rosuvastatin therapy on serum
lipid levels (TC, LDL cholesterol, HDL and TG) and
apolipoproteins (APO A1, APO B and APO B/A1)

To assess the safety of rosuvastatin in HIV-IP through
the evaluation of clinical laboratory analyses (liver function
tests and creatine kinase) and adverse events.

Expected value of the results

The number of people living with HIV worldwide has been
estimated to be 40 million in 2006 (of these 740,000 are in
Western and Central Europe) — 8000 die and 12,000 become
infected every day.” In 2006, 4.3 million (22,000 in Western
and Central Europe) people were newly infected with HIV.
cART has altered the nature of HIV disease, converting a
lethal illness into a chronic and stable condition. Despite
the benefits of cART, its use is complicated by a number of
factors, including the risk for CVD, side effects, drug-drug
interactions and the selection of drug-resistant virus. In 2003
the international Forum for Collaborative HIV research
issued guidelines to develop new strategies with the goal to
prevent CVD. Members of the Forum are well recognized
clinical and research leaders in HIV medicine. Their work
has clearly identified the urgent need to respond, in the first
instance to the increased risk of CVD in HIV-IP, and to the
concern expressed regarding increasing CVD risk with the
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HIV-infected patients +

cART (n = 320)

— Baseline
ARM 1 (n = 160) 6 months
/| Rosuvastatin 5 mg > 12 months
ARM 2 (n = 160) 18 months
Placebo
24 months

Figure | Protocol design for C-IMT assessment and hs-CRP measurement.

aging of the HIV-IP. This study should demonstrate for

the first time the:

1) Pharmacological anti-atherogenic and anti-inflammatory
effects of statin therapy in HIV-IP.

2) Evidence to reconsider the lipid-lowering therapeutic
criteria presently used (JBS2) in HIV-IP.

Trial design

Trial overview

Design of the proposed clinical investigation is as follows.
This randomized, double-blind, placebo-controlled, parallel
group study is aimed at investigating the effect of rosuvastatin
on vascular inflammation/dysfunction in HIV-IP (n = 320).
At present, no large trials have presented data on the impact
of reducing LDL cholesterol in HIV-IP; therefore the
lipid-lowering recommendations for the general population
are applied to the HIV-IP. We propose to include in the
C-IMT study HIV-IP that do not already match published
selection criteria for lipid-lowering therapy.’ Following writ-
ten consent and screening procedures, eligible patients will
be randomized on study day 1 either to receive rosuvastatin
5 mg once daily (ARM 1) or placebo once daily (ARM 2).
Rosuvastatin or placebo will be administered for 2 years.*
Carotid ultrasound to measure the change in C-IMT, safety
laboratory tests, lipid profiles, apolipoproteins, immunological
and virological response markers and an inflammatory marker
(hs-CRP) will be assessed at baseline (before rosuvastatin or
placebo initiation), following 6 months, 12 months (study
day 365), 18 months (study day 547) and 24 months (study
day 730) of therapy. On study day 730, ARM 1 and ARM 2
subjects will stop rosuvastatin/placebo intake. The rationale
for the 24-month duration of rosuvastatin therapy is in accor-
dance with the International Guidelines for the Treatment
of HIV Infection,'® which report that hyperlipidemia occurs
weeks to months after beginning of CART.

Inclusion criteria

1) Documented HIV infection.

2) HIV-IP with a CD4 count = 200 cells/mm?, who, according
to the International Guidelines for the Treatment of HIV
Infection, are stable on cART for at least 12 months.

3) Viral load =50 copies/mL.

4) Aged 30 to 60 years.

5) Asymptomatic for any atherosclerosis-related disease.

6) 10-year CVD risk < 20% (using the JBS 2 criteria).”

Exclusion criteria

1) Pharmacological lipid-lowering therapies (eg, statins,
fibrates.) in the 12 months before the first visit.

2) Clinical evidence of coronary heart disease, angina,
myocardial infarction, stroke or other peripheral athero-
sclerotic disease.

3) Previous revascularization procedures.

4) 10-year CVD risk = 20% (JBS 2 criteria).

5) Diabetes mellitus, uncontrolled hypertension or familial
hypercholesterolemia.

6) Serum creatinine levels of >177 pmol/L during
screening.

7) Active liver disease or elevated liver enzymes (ALT > 3
times upper limit of normal [ULN]).

8) Creatine kinase >3 times ULN.

9) History of cancer.

10) Chronic inflammatory conditions, such as severe arthri-
tis, lupus or inflammatory bowel disease.

11) Alcohol or drug abuse within the past year.

12) Serious medical or psychological conditions that may, in
the opinion of the investigator, compromise successful
study participation.

13) Uncontrolled hypothyroidism.

14) Current use of immunosuppressants.

15) Current use of post-menopausal oral hormone therapy.
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16) Current use of cART containing less than two different
classes of antiretroviral agents.
17) Evidence of focal plaques (carotid ultrasound).

Duration of involvement

The total duration of involvement in the study is 730 days,
with a screening visit within 28 days prior to rosuvastatin/
placebo commencement at day 1 and follow-up visits at 2,
6, 12, 18 and 24 months.

Withdrawal of patients

and discontinuation criteria

Criteria for premature withdrawal

Subjects have the right to withdraw from the study at any
time and for any reason. The investigator may also withdraw
subjects from the study or decide to discontinue medication
dosing in the event of inter-current illness, adverse events,
protocol violations, administrative reasons or other reasons.
An excessive rate of withdrawals can render the study
uninterpretable. As a result, the unnecessary withdrawal of
subjects should be avoided.

In all cases of withdrawal, the date and reasons for the
withdrawal or discontinuation of medication will be clearly
stated on the subject’s case report form (CRF). If the reason
for removal of a subject from the study is an adverse event
or an abnormal laboratory test result, the principal specific
event or test will be recorded on the CRF.

Withdrawn subjects may be replaced at the discretion of
the investigator.

Follow up of abnormal laboratory

test values

In the event of unexplained abnormal laboratory test values,
the tests will be repeated and followed up until they have
returned to the normal range and/or an adequate explana-
tion of the abnormality is found. If a clear explanation is
established it should be recorded on the CRF.

Intervention(s) or method
Outlined below is the experimental work for the four differ-
ent clinical trial aims:

Aim |: C-IMT at different time points

over 2-years treatment

B-mode ultrasound method: Standardized longitudinal B-mode
images will be obtained of the near and far walls of the distal
common carotid arteries and reported as the average value for

the bilateral measurements. This location was chosen a priori
because of its demonstrated reproducibility campared with
C-IMT at other sites.”>’8” A commercially available ultrasound
system with comprehensive vascular applications will be used.
All images will be acquired and stored digitally, and analyzed
off-line by an independent sonographer who is blinded from
patient’s information. Color duplex ultrasound scanning will
be performed with a 7 to 10 MHz linear-array transducers
and settings adjusted to get an optimal picture of the carotid
walls. The carotid arteries will be scanned transversely and
longitudinally. Color flow mapping (“Angio”) will be used to
identify the bifurcation, the flow divider and localized small
plaques along the course of the common carotid artery, carotid
bulb and internal carotid artery on both sides.

The IMT of both far and near walls will be measured with
magnified pictures frozen at the R wave on the ECG. The
IMT is defined as the distance between the leading edge of
the luminal echo to the leading edge of the media/adventitia
echo. It will be measured over a length of 10 mm immediately
distal to the flow divider. This will be accomplished by the
use of the calipers and the trace function of the ultrasound
system and calculation of the mean IMT over this length. The
distal common carotid arteries will be assessed in the segment
extending from 10 to 20 mm proximal the carotid bifurcation.
All ultrasound scans will be carried out with standardized
settings. The image boundaries will be marked manually.
For C-IMT measurements, trailing edges will be traced on
the near wall boundaries and leading edges on the far wall
boundaries. Measurements will be performed on images from
selected angles, 60°, 90°, 120°, 150° and 180° for the right
carotid artery and 300°,270°, 240°, 210° and 180° for the left
carotid artery. Measurements will be made of both the mean
and maximum C-IMT of each wall at all selected angles. Both
mean and maximum IMT will be calculated and analyzed. Any
plaques will be excluded from the measurements. Intraopera-
tor and interoperator variability will be assessed by means of
coefficients of variation. The mean length of the C-IMT will
be evaluated in both the rosuvastatin and placebo groups.
The precision and reliability of the ultrasound method will
be tested in a randomly selected subgroup of 32 arteries with
paired images obtained on the same day. Carotid ultrasound to
measure C-IMT will be performed at baseline (before therapy
with lipid lowering) and after 6, 12, 18 and 24 months.

Aim 2:Vascular inflammation by measuring plasma
hs-CRP in HIV-IP treated with cART

There are currently no definitive data on the effect of statins
on hs-CRP in patients HIV-IP. HIV-IP will be advised not
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to take any platelet inhibiting drugs for a week before blood
sample collection, which is taken before breakfast. Venous
blood drawn in a Vacutainer (no more than 30 minute wait)
is processed and divided into aliquots (plasma or serum if not
anticoagulated) and frozen at —70 °C for later analysis. hs-CRP
will be assessed in stored frozen blood samples from baseline,
6, 12, 18 and 24 months according to methods described by
the manufacturer of CRP Latex HS (Roche).

Aim 3: Serum lipid levels and apolipoproteins

in HIV-IP treated with cART

Blood samples will be taken at specific visits to monitor
serum lipid and apolipoproteins levels (TC, HDL choles-
terol, LDL cholesterol, TG, HDL/TC ratio, APO B, APO
Al, APO B/Al).

Aim 4: Safety

Safety will be assessed by the evaluation of clinical laboratory
analysis (such as creatine kinase, creatinine, alanine/aspartate
aminotransferase, alkaline phosphatase, total bilirubin,
albumin and fasting blood glucose), hematology and adverse
events (AEs).

How subjects are randomized

and how allocation is concealed

The randomization list of the study will be prepared in sealed
envelopes and handed to a pharmacist. In addition, further
emergency un-blinding envelopes will be prepared in sealed
envelopes and given to a lead pharmacist in the unit where the
trial is conducted who would keep these secure from study
PI, study co-investigators and the study pharmacist.

The emergency un-blinding sealed envelopes would be
kept securely and these envelopes would only be opened in
the event of an emergency to reveal details of the study arm
of individual subjects recruited to the trial.

In addition once the sealed envelope is opened a strip
inside the envelop will contain details of ‘Subject Number’
and the study group the subject should be allocated. This ‘Sub-
ject Number’ will, therefore, be assigned in the study CRF
pages from baseline visit onwards, including allocating this
number in any additional data for the study, such as printed
copies of laboratory results. This number will, therefore, serve
and be used to track patient data during the study.

Primary and secondary endpoints

Primary endpoint

To assess whether rosuvastatin therapy could slow the
progression of the C-IMT (as measured by the change in the

mean IMT of the near and far walls of the distal common
carotid arteries) over 2 years in HIV-IP.

Secondary endpoints

e To assess whether rosuvastatin therapy could reduce
hs-CRP inflammatory marker that is increased in HIV-IP.

e To assess the effect of rosuvastatin therapy on serum
lipid levels (TC, LDL cholesterol, HDL and TG) and
apolipoproteins (APO A1, APO B and APO B/A1l).

Safety variables

Safety and tolerability will be monitored by evaluating the
incidence and severity of AEs and abnormal laboratory values
(hematology and clinical chemistry).

Statistical analysis plan

Sample size and power calculations

The findings of Hsue et al indicated that HIV-IP have
greater C-IMT compared with age- and sex-matched control
subjects.>*** Furthermore, the rate of progression of C-IMT
in HIV-IP of 0.074 mm/year was several-fold higher than the
rate of 0.006 mm/year reported in non-HIV-infected subjects.
Of interest, in 45 of the 121 HIV-IP (37%) the mean carotid
C-IMT progressed by 0.10 mm/year.’

Based on published data,?® assuming an overall progres-
sion rate between the control and the active arms at year 1
since entry to study are 0.045 and 0.030 mm, respectively.
Assuming the rate of progression rate will remain constant at
year 2 after entry to the study, the mean progression rate in
IMT is expected to be 0.09 (SD 0.08) mm in the control arm
while that in the active arm it is expected to be 0.0054 mm.
This assumes that a 40% difference will be observed between
arms at 2 years post study, which allows for greater variations
in the active arm at year 2 compared to year 1 and standard
deviation is estimated at 0.072. Based on these assumptions
and assuming 30% of the subjects recruited to the study will
drop out by year 2, n = 160 subjects per arm (total number
of study subjects n = 320) will need to be recruited in order
to show the effect size of this magnitude to be significantly
different at 1% level of significance with 90% power using
two-sided test. Type I error rate is set at 1% since one interim
analyses is planned at year 1.

Statistical tests

The primary objective of this study is to assess the effect
of lipid-lowering drug on the change in the C-IMT from
baseline to 2 years post entry to study by two study arms.
The primary endpoint is to assess the change in C-IMT from
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baseline to study time points in the rosuvastatin and placebo
arms. All patients who meet the inclusion criteria at baseline
will form part of the statistical analysis. Data will be ana-
lyzed and presented as both on treatment and intent-to-treat
(ITT) methods.

All summary statistics will be presented with point
estimates, which are mean changes from baseline to study
time point and indication of the variability in data, such as
the standard deviation or the standard error. All missing
data at each study visits will be presented and categorized
as: patients off trial, patients who did not attend, and data
missing even though patient had attended for their scheduled
study visit. Where data are missing for such patients these
will be grouped into missing data.

The ITT method approach that will be undertaken when
summarizing the data will be the last observation of C-IMT
carried forward (LOCF) if data are unavailable at the time
point. The ITT method will be used to describe the data and
presented with relevant point estimates and 95% CI. This will
be presented for each study visits from baseline to 2 years
or end of study.

Although this method is frequently used in data analyses of
clinical trials, subject drop out rates and patterns (reasons for
missing data) in clinical trials may be affected by many factors,
such as the disease, study population, efficacy of treatment,
side effects and length of trial. Often the missing data are com-
pletely random. Carrying forward observations may confound
treatment with time. This confounding can bias estimates of
differences between treatment groups in mean change from
baseline to endpoint and the associated SE leading to inac-
curate assessment of type I and type II error rates. MIXED
model analyses are more robust to potential bias from missing
data than LOCF. Estimates of effects based on MIXED models
assume that any missing data are random.

In addition to the ITT method described above, longitu-
dinal data of the C-IMT will be available and linear mixed
models will be used between treatment group comparisons
to calculate the difference in averages (DAVG), which will
represent the time weighted difference in the C-IMT from
baseline to each study time point and where deemed neces-
sary data will be transformed to stabilise the variance.

MIXED procedure in SAS will be used by fitting values
of the C-IMT from all study time points as a dependent vari-
able. Independent variables will include the fixed effects of
the intervention arms rosuvastatin and placebo, study visit
time points and intervention by study time points interac-
tion. A covariance matrix will be used to model the within
patient errors.

Estimates of change in C-IMT from baseline will be
obtained from intervention by study time points interaction.

In addition, this method will be used to analyze the effects
of changes in antiretroviral treatment prescription patterns
over time, which will be added as time varying covariate in
the MIXED model.

Trends over time will be presented as point estimates with
95% CI. Further multivariable analyses will be adjusted for
other times varying co-variables assumed to have potential
confounding and or residual effect on trend of outcome
variable over time.

Further exploratory analyses will be undertaken to look
at factors predicting time to ‘optimal’ change in C-IMT
estimated as ‘getting worse.’

Survival plots will be used to estimate time since entry
into the study until ‘optimal’ change in C-IMT estimated as
‘getting worse’ within two years since entry into study. This
will, however, need to be defined using clinically meaning-
ful change.

Between study group comparisons in time to ‘optimal’
change in C-IMT will be made using the log rank c? test.
Univariate and multivariable Cox’s Proportional hazards
regression models will be used to identify factors that predict
‘optimal’ change in C-IMT estimated as ‘getting worse.’

Demographic characteristics will be summarized by
randomized groups and p-values will be presented describ-
ing associations with these. In addition, all serious adverse
events will be reported by study arms together with number
of patients and number of events.

Secondary endpoint is to assess the change in:
e hs-CRP

To avoid the potential for misclassification because of

an exogenous acute-phase stimulus, data from patients

with either a baseline or two years hs-CRP value > 3 SD
above the mean value will be analyzed and data will be
presented both including and excluding this from analysis
on a priori basis.®!

e Lipid parameters

e TC
HDL cholesterol

e LDL cholesterol

e TG

e HDL cholesterol: TC
e Apolipoproteins

e APOB

e APO Al

e APO B/APO Al
e Safety variables
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All these secondary endpoints will be assessed from
baseline to study time points by rosuvastatin and the placebo
arms.

All patients who meet the inclusion criteria at baseline
will form part of the statistical analysis. Data will be ana-
lyzed and presented as both on treatment and intent to treat
(ITT) methods.

All statistical analysis will be performed using SAS
statistical software and all p-values presented will be two
sided.

One interim analysis is planned during the study duration
and the sample size estimate has taken account of this. Where
further unplanned interim analyses are performed, how-
ever, p-values will be appropriately adjusted for unplanned
repeated data analyses.

Planned subgroup analyses
No subgroup analyses are planned for this study.

Interim analyses and stopping rules

An independent data safety monitoring board (DSMB) will

be established, which will meet initially, after a predeter-

mined number of subjects have completed two months of

randomized therapy and at every study visit — at 6, 12, 18

and 24 months. The DSMB will be made up of three exter-

nal, independent experts within the field of HIV and lipid

metabolism disorders; two physicians and one statistician.
Stopping rules will be agreed at the first meeting and will

include the following.

e Elevation of creatine kinase >3 times ULN

e ALT >3 times ULN

¢ Intolerable myalgia or other intolerable side effects (see
ACTG grading; Appendix 2).

Criteria for termination of the trial

The sponsor or investigator may terminate either part of,
or the entire study for safety or administrative reasons.
A written statement fully documenting the reasons for such
a termination will be provided to the Ethics Committee and
the Regulatory Authority as appropriate.

Adverse events

Definitions

An adverse event is any untoward medical occurrence in a
subject administered a pharmaceutical product and which
does not necessarily have a casual relationship with the study
treatments. An adverse event can, therefore, be any unfavor-
able and unintended sign (including an abnormal laboratory

finding), symptom, or disease temporally associated with
the use of a medicinal (investigational) product, whether
or not considered related to the medicinal (investigational)
product.

Adverse events observed by the investigator, or reported
by the subject, and any remedial action taken, will be
recorded in the subject’s CRF and should be verifiable in
the subject’s notes throughout the study. The nature of each
event, time of onset after drug administration, duration and
severity will be documented together with the investigator’s
opinion of the causal relationship to the treatment (unrelated,
unlikely, possible, probable and definite).

All subjects experiencing adverse events, whether con-
sidered associated with the use of the study medication or
not, must be monitored until the symptoms subside and any
clinically relevant changes in laboratory values have returned
to baseline, or until there is a satisfactory explanation for the
changes observed.

Procedures such as surgery should not be reported as
adverse events. However, the medical condition for which
the procedure was performed should be reported if it meets
the definition of an adverse event. For example, an acute
appendicitis that begins during the adverse event reporting
period should be reported as the adverse event and the result-
ing appendectomy noted on the CRF. Planned procedures,
such as surgery planned prior to the subject’s enrolment into
the study, need not be reported as adverse events if these are
documented as planned at the screening visit.

Clinically significant changes in physical examination
and blood safety profiles should also be recorded as adverse
events.

Serious adverse events (SAEs)

An SAE is any untoward medical occurrence that at any

dose:

e Results in death

e s life threatening

e Requires in patient hospitalization or prolongation of
existing hospitalization

e Results in persistent or significant disability/incapacity

e Is a congenital anomaly/birth defect.

All SAEs must be reported immediately, except for those
SAEs which the protocol or other document (eg, Investigator
Brochure) identified as do no need reporting.

The SAEs should be reported immediately to the principal
investigator (within 24 hours of a member of the study team
becoming aware of the event). An SSAT SAE form should
be completed, and an assessment of whether the SAE is a
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Suspected Unexpected Serious Adverse Reaction (SUSAR)
conducted.

The principal investigator is responsible for determin-
ing whether the SAE is a SUSAR and for reporting this in
accordance with Good Clinical Practice (GCP) and applicable
regulatory requirements.

Administrative procedures
Ethics approval

The study protocol, subject information and consent form,
the Investigator Brochure, available safety information,
subject recruitment procedures (eg, advertisements), infor-
mation about payments and compensation available to the
subjects and documentation evidencing the investigator’s
qualifications should be submitted to the Ethics Committee
for ethical review and approval according to local regula-
tions, prior to the study start. Any changes, which may
need to be made, will be submitted in the form of numbered
and dated protocol amendments in accordance with local
regulations.

Regulatory notification

As required by local regulations, approval of the appro-
priate regulatory bodes will be obtained, prior to study
initiation.

Indemnities

The sponsor (St Stephen’s AIDS Trust) has taken out
appropriate insurance for non-negligence harm for the trial.
Negligence harm is covered by Chelsea and Westminster
Hospital NHS Foundation Trust.

Publication policy

A whole or part of this study data will be communicated,
orally presented and/or published in appropriate scientific
journals. Full anonymity of subject’s details will be
maintained throughout. Subjects wanting to see the results of
the trial can request a copy of the article from the investigators
once it has been published.

Disclosures
The authors have no conflicts of interest to disclose.

Abbreviations

AEs, adverse events; AHA, American Heart Association;
APO, apolipoprotein; C-IMT, carotid intima-media
thickness; CAMs, cell adhesion molecules; cART, com-
bined antiretroviral therapy; CDC, Centers for Disease

Control; CRF, case report form; CRP, C reactive protein;
CV, cardiovascular; CVD, cardiovascular disease; FRS,
Framingham risk score; HDL, high-density lipoprotein;
HIV, human immunodeficiency virus; HIV-IP, HI V-infected
patients; hs-CRP, highly sensitive C reactive protein; JBS,
Joint British Societies; KLF2, Kruppel-like factor 2; LDL,
low-density lipoprotein; LOCF, last observation carried for-
ward; NNRTI, non-nucleoside reverse transcriptase inhibitor;
NRTI, nucleoside reverse transcriptase inhibitor; PI, protease
inhibitors; PPARSs, peroxisome proliferator-activated recep-
tors; SAE, serious adverse event; TC, total cholesterol; TG,
triglycerides; ULN, upper limit of normal.

References

1. Grinspoon S, Carr A. Cardiovascular risk and body-fat abnormalities
in HIV-infected adults. N Engl J Med. 2005;352:48—-62.

2. Grinspoon SK, Grunfeld C, Kotler DP, et al. State of the Science
Conference. Initiative to decrease cardiovascular risk and increase
quality of care for patients living with HIV/AIDS. Executivve summary.
Circulation. 2008;118:198-210.

3. Stein JH, Klein MA, Bellehumeur JL, et al. Use of human immu-
nodeficiency virus-1 protease inhibitors is associated with athero-
genic lipoprotein changes and endothelial dysfunction. Circulation.
2001;104:257-262.

4. Dressman J, Kincer J, Matveev SV, et al. HIV protease inhibitors
promote atherosclerotic lesion formation independent of dyslipidemia
by increasing CD36-dependent cholesteryl ester accumulation in mac-
rophages. J Clin Invest. 2003;111:389-397.

5. Hsue PY, Lo JC, Franklin A, et al. Progression of atherosclerosis as
assessed by carotid intima-media thickness in patients with HIV infec-
tion. Circulation. 2004;109:1603—-1608.

6. Hazenberg MD, Hamann D, Schuitemaker H, et al. T cell depletion
in HIV-1 infection: how CD4+ T cells go out of stock. Nat Immunol.
2000;1:285-289.

7. Hunt PW, Martin JN, Sinclair E, et al. T cell activation is associated with
lower CD4+ T cell gains in human immunodeficiency virus-infected
patients with sustained viral suppression during antiretroviral therapy.
J Infect Dis. 2003;187:1534—-1543.

8. Friis-Moller N, Sabin CA, Weber R, et al. Combination antiretro-
viral therapy and the risk of myocardial infarction. N Engl J Med.
2003;349:1993-2003.

9. Friis-Moller N, Reiss P, Sabin CA, et al. Class of antiretroviral
drugs and the risk of myocardial infarction. N Engl J Med. 2007;356:
1723-1735.

10. Vittecoq D, Escaut L, Chironi G, et al. Coronary heart disease in
HIV-infected patients in the highly active antiretroviral treatment era.
AIDS. 2003;17 Suppl 1:S70-S76.

11. LaRosa JC, Grundy SM, Waters DD, et al. Intensive lipid lowering
with atorvastatin in patients with stable coronary disease. N Engl J
Med. 2005;352:1425-1435.

12. MRC/BHF Heart Protection Study of cholesterol lowering with simvas-
tatin in 20,536 high-risk individuals: a randomised placebo-controlled
trial. Lancet. 2002;360:7-22.

13. Colhoun HM, Betteridge DJ, Durrington PN, et al. Primary prevention
of cardiovascular disease with atorvastatin in type 2 diabetes in the
Collaborative Atorvastatin Diabetes Study (CARDS): multicentre
randomised placebo-controlled trial. Lancet. 2004;364:685-696.

14. Grinspoon SK, Grunfeld C, Kotler DP, et al. State of the science
conference: Initiative to decrease cardiovascular risk and increase
quality of care for patients living with HIV/AIDS: executive
summary. Circulation.2008;118(2):198-210. Erratum in: Circulation.
2008;118(6):e109.

298

Vascular Health and Risk Management 2009:5



Prevention of atherosclerosis in HIV patients

15.

16.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Gazzard B, Bernard AJ, Boffito M, et al. British HIV Association
(BHIVA) guidelines for the treatment of HIV-infected adults with
antiretroviral therapy (2006). HIV Med. 2006;7:487-503.

EronJ Jr, Yeni P, Gathe J Jr, et al. The KLEAN study of fosamprenavir-
ritonavir versus lopinavir-ritonavir, each in combination with abacavir-
lamivudine, for initial treatment of HIV infection over 48 weeks:
A randomised non-inferiority trial. Lancet. 2006;368:476-482.

. Currier JS, Taylor A, Boyd F, et al. Coronary heart disease in HIV-

infected individuals. J Acquir Immune Defic Syndr. 2003;33:506-512.

. El-Sadr W, Neaton J. Episodic CD4-guided use of ART is inferior to

continuous therapy: Results of the SMART Study. Paper presented
at: Conference on Retroviruses and Opportunistic Infections (CROI),
2006; Denver.

. Klein D, Hurley L, Quesenberry C, et al. Hospitalizations for CHD

and MI among Northern California HIV+ and HIV— men: changes in
practice and Framingham Risk Scores. Paper presented at: Conference
on Retroviruses and Opportunistic Infections (CROI), 2006; Denver.
Moore R, Keruly J. Increasing Incidence of Cardiovascular Disease
in HIV-infected Persons in Care. Paper presented at: Conference on
Retroviruses and Opportunistic Infections (CROI), 2003; Boston.
Rickerts V, Brodt H, Staszewski S, et al. Incidence of myocardial infarc-
tions in HIV-infected patients between 1983 and 1998: the Frankfurt
HIV-cohort study. Eur J Med Res. 2000;5:329-333.

Available at: http://www.hivforum.org/publications/CVD%20risk%
20aug%2019%20w%20logo.pdf.

Pignoli P, Tremoli E, Poli A, et al. Intimal plus medial thickness of the
arterial wall: A direct measurement with ultrasound imaging. Circulation.
1986;74:1399-1406.

Chambless LE, Heiss G, Folsom AR, et al. Association of coronary
heart disease incidence with carotid arterial wall thickness and major
risk factors: The Atherosclerosis Risk in Communities (ARIC) Study,
1987-1993. Am J Epidemiol. 1997;146:483-494.

Bots ML, Hoes AW, Koudstaal P, et al. Common carotid intima-media
thickness and risk of stroke and myocardial infarction: The Rotterdam
Study. Circulation 1997;96:1432—1437.

O’Leary DH, Polak JF, Kronmal RA, et al. for the Cardiovascular
Health Study Collaborative Research Group. Carotid-artery intima
media thickness as a risk factor for myocardial infarction and stroke
in older adults. N Engl J Med. 1999;340:14-22.

Espeland MA, Craven TA, Riley WA, et al. Reliability of longitudinal
ultrasonic measurements of carotid intima-medial thickness. Stroke.
1996;27:480-485.

Furberg CD, Adams HP Jr, Applegate WB, et al. for the Asymptomatic
Carotid Artery Progression (ACAPS) Study Research Group. Effects
of lovastatin on early carotid atherosclerosis and cardiovascular events.
Circulation. 1994;90:1679—-1687.

Maggi P, Serio G, Epifani G, et al. Premature lesions of the carotid
vessels in HIV-1-infected patients treated with protease inhibitors.
AIDS. 2000;14:123—128.

Depairon M, Chessex S, Sudre P, et al. with the Swiss HIV Cohort
Study. Premature atherosclerosis in HIV-infected individuals: focus
on protease inhibitor therapy. 41DS. 2001;15:329-334.

Seminari E, Pan A, Voltini G, et al. Assessment of atherosclerosis using
carotid ultrasonography in a cohort of HIV-positive patients treated with
protease inhibitors. Atherosclerosis. 2002;162:433-428.

Chironi G, Escaut L, Gariepy J, et al. Carotid intima-media thickness
in heavily pretreated HIV-infected patients. J Acquir Immune Defic
Syndr. 2003;32:490-493.

Mercie P, Thiébaut R, Lavignolle V, et al. Evaluation of cardiovascular
risk factors in HIV-1 infected patients using carotid intima-media thick-
ness measurement. Ann Med. 2002;34:55-63.

Howard G, Sharrett AR, Heiss G, et al. Carotid artery intimal-media
thickness distribution in general populations as evaluated by B-mode
ultrasound. Stroke. 1993;24:1297-1304.

Aminbakhsh A, Mancini GBJ. Carotid intima-media thickness measure-
ments: what defines an abnormality? A systematic review. Clin Invest
Med. 1999;22:149—157.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

Charakida M, Donald AE, Green H, et al. Early structural and functional
changes of the vasculature in HIV-infected children: impact of disease
and antiretroviral therapy. Circulation. 2005;112:103—109.

Yu CM, Zhang Q, Lam L, et al. Comparison of intensive and low-dose
atorvastatin therapy in the reduction of carotid intimal-medial thickness
in patients with coronary heart disease. Heart. 2007;93:933-939.
Crouse JR, 3rd, Raichlen JS, Riley WA, et al. Effect of rosuvastatin
on progression of carotid intima-media thickness in low-risk indi-
viduals with subclinical atherosclerosis: the METEOR Trial. JAMA.
2007;297:1344-1353.

Baigent C, Keech A, Kearney PM, et al. Efficacy and safety of
cholesterol-lowering treatment: prospective meta-analysis of data
from 90,056 participants in 14 randomised trials of statins. Lancet.
2005;366:1267-1278.

Crouse JR, 3rd. Thematic review series: patient-oriented research. Imag-
ing atherosclerosis: state of the art. J Lipid Res. 2006;47:1677—1699.
Nissen SE, Nicholls SJ, Sipahi I, et al. Effect of very high-intensity
statin therapy on regression of coronary atherosclerosis: the ASTEROID
trial. JAMA. 2006;295:1556—1565.

Rodriguez-Granillo GA, Agostoni P, Garcia-Garcia HM, et al. Meta-
analysis of the studies assessing temporal changes in coronary plaque
volume using intravascular ultrasound. 4m J Cardiol. 2007;99:5-10.
de Groot E, Jukema JW, Montauban van Swijndregt AD, et al. B-mode
ultrasound assessment of pravastatin treatment effect on carotid and
femoral artery walls and its correlations with coronary arteriographic
findings: a report of the Regression Growth Evaluation Statin Study
(REGRESS). J Am Coll Cardiol. 1998;31:1561-1567.

Salonen R, Nyyssonen K, Porkkala E, et al. Kuopio Atherosclerosis
Prevention Study (KAPS). A population-based primary preventive trial
of the effect of LDL lowering on atherosclerotic progression in carotid
and femoral arteries. Circulation. 1995;92:1758-1764.

Amarenco P, Labreuche J, Lavallee P, et al. Statins in stroke prevention
and carotid atherosclerosis: systematic review and up-to-date meta-
analysis. Stroke. 2004;35:2902-2909.

Jones PH, Davidson MH, Stein EA, et al. Comparison of the efficacy and
safety of rosuvastatin versus atorvastatin, simvastatin, and pravastatin
across doses (STELLAR* Trial). Am J Cardiol. 2003;92:152—160.
Schuster H, Barter PJ, Stender S, et al. Effects of switching statins on
achievement of lipid goals: Measuring Effective Reductions in Choles-
terol Using Rosuvastatin Therapy (MERCURY ) study. Am Heart J.
2004;147:705-713.

Jones PH, Hunninghake DB, Ferdinand KC, et al. Effects of rosuvastatin
versus atorvastatin, simvastatin, and pravastatin on non-high-density
lipoprotein cholesterol, apolipoproteins, and lipid ratios in patients with
hypercholesterolemia: additional results from the STELLAR trial. Clin
Ther. 2004;26:1388—1399.

Libby P, Ridker PM. Inflammation and atherosclerosis: role of
C-reactive protein in risk assessment. Am J Med. 2004;116 Suppl
6A:9S-168S.

Ridker PM. High-sensitivity C-reactive protein: potential adjunct for
global risk assessment in the primary prevention of cardiovascular
disease. Circulation. 2001;103:1813-1818.

Jialal I, Devaraj S. The role of C-reactive protein activation of nuclear
factor kappa-B in the pathogenesis of unstable angina. J Am Coll Cardiol.
2007;49:195-197.

Hsue P, Lo J, Franklin A, et al. C-reactive protein levels in patients
with HIV: a marker of cardiovascular risk or chronic infection? Paper
presented at: Conference on Retroviruses and Opportunistic Infections
(CROI), 2005; Boston.

Henry K, Zackin R, Dube M, et al. ACTG 5056: C-Reactive protein
(CRP) levels and cardiovascular risk status for a cohort of HIV-1-
infected persons Durably suppressed on an indinavir (IDV)-containing
regimen. Paper presented at: Conference on Retroviruses and Oppor-
tunistic Infections (CROI), 2002; Seattle.

Noursadeghi M, Miller RF. Clinical value of C-reactive protein
measurements in HIV-positive patients. /nt J STD AIDS. 2005;16:
438-441.

Vascular Health and Risk Management 2009:5

299



De Lorenzo et al

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Feldman JG, Goldwasser P, Holman S, et al. C-reactive protein is an
independent predictor of mortality in women with HIV-1 infection.
J Acquir Immune Defic Syndr. 2003;32:210-214.

Lau B, Sharrett AR, Kingsley LA, et al. C-reactive protein is a marker
for human immunodeficiency virus disease progression. Arch Intern
Med. 2006;166:64-70.

de Lorenzo F, Feher M, Martin J, et al. Statin therapy-evidence beyond
lipid lowering contributing to plaque stability. Curr Med Chem.
2006;13:3385-3393.

Jain MK, Ridker PM. Anti-inflammatory effects of statins: clinical evi-
dence and basic mechanisms. Nat Rev Drug Discov. 2005;4:977-987.
Ridker PM, Cannon CP, Morrow D, et al. C-reactive protein levels and
outcomes after statin therapy. N Engl J Med. 2005;352:20-28.
Ridker PM, Wilson PW, Grundy SM. Should C-reactive protein be
added to metabolic syndrome and to assessment of global cardiovascular
risk? Circulation. 2004;109:2818-2825.

Massy ZA, Keane WF, Kasiske BL. Inhibition of the mevalonate pathway:
benefits beyond cholesterol reduction? Lancet. 1996;347:102—103.
Sposito AC, Chapman MJ. Statin therapy in acute coronary syndromes:
mechanistic insight into clinical benefit. Arterioscler Thromb Vasc Biol.
2002;22:1524-1534.

Liao JK. Isoprenoids as mediators of the biological effects of statins.
J Clin Invest. 2002;110:285-288.

Smith DA, Galin I. Statin therapy for native and peri-interventional
coronary heart disease. Curr Mol Med. 2006;6:589—602.

Hayden MS, Ghosh S. Signaling to NF-kappa B. Genes Dev.
2004;18:2195-2224.

Wong B, Lumma WC, Smith AM, et al. Statins suppress THP-1 cell
migration and secretion of matrix metalloproteinase 9 by inhibiting
geranylgeranylation. J Leukoc Biol. 2001;69:959-62.

Feinberg MW, Lin Z, Fisch S, et al. An emerging role for Kruppel-like
factors in vascular biology. Trends Cardiovasc Med. 2004;14:241-246.
Plutzky J. Peroxisome proliferator-activated receptors as therapeutic
targets in inflammation. J Am Coll Cardiol. 2003;42:1764-1766.

Lin Z, Kumar A, SenBanerjee S, et al. Kruppel-like factor 2 (KLF2) reg-
ulates endothelial thrombotic function. Circ Res. 2005;96:e48—¢57.
SenBanerjee S, Lin Z, Atkins GB, et al. KLF2 Is a novel transcrip-
tional regulator of endothelial proinflammatory activation. J Exp Med.
2004;199:1305-1315.

71.

72.

73.

74.

75.

76.

77.
78.

79.

80.

81.

Parmar KM, Nambudiri V, Dai G, et al. Statins exert endothelial
atheroprotective effects via the KLF2 transcription factor. J Biol Chem.
2005;280:26714-26719.

Landrier JF, Thomas C, Grober J, et al. Statin induction of liver
fatty acid-binding protein (L-FABP) gene expression is peroxisome
proliferator-activated receptor-alpha-dependent. J Biol Chem. 2004;279:
45512-45518.

Zelvyte I, Dominaitiene R, Crisby M, et al. Modulation of inflammatory
mediators and PPARgamma and NFkappa B expression by pravastatin
in response to lipoproteins in human monocytes in vitro. Pharmacol
Res. 2002;45:147-154.

JBS 2: Joint British Societies’ guidelines on the prevention of cardio-
vascular disease in clinical practice. Heart. 2005;91 Suppl 5:v1-v52.
Van Der Lee M, Vogel M, Schippers E, et al. Pharmacokinetics and
pharmacodynamics of combined use of lopinavir/ritonavir and rosu-
vastatin in HIV-infected patients. Paper presented at: Conference on
Retroviruses and Opportunistic Infections (CROI), 2006; Denver.
Kiser JJ, Gerber JG, Predhomme JA, et al. Drug/drug interaction
between lopinavir/ritonavir and rosuvastatin in healthy volunteers.
J Acquir Immune Defic Syndr. 2008;47:570-578.

Smith J. Much about HIV. BMJ. 2007:334.

Taylor AJ, Kent SM, Flaherty AJ, et al. ARBITER: Arterial biology
for the investigation of the treatment effects of reducing choles-
terol: A randomized trial comparing the effects of aforvastatin and
pravastatin on carotid intima media thickness. Circulation. 2002;106:
2055-2060.

Smilde TJ, Wollersheim H, van Langen H, et al. Reproducibility of
ultrasonographic measurements of different carotid and femoral artery
segments in healthy subjects and in patients with increase intima-media
thickness. Clin Sci (Lond). 1997;93:317-324.

Markwood TT, Kents S, Coyle LC, et al. Design and rationale of the
ARBITER trial (Arterial Biology for the Investigation of the Treatment
Effects of Reducing Cholesterol) — a randomized trial comparing the
effects of atorvastatin and pravastatin on carotid artery intima-media
thickness. Am Heart J. 2001;141:342-347.

Ridker PM, Rifai N, Pfeffer MA, et al. Long-term effects of pravastatin on
plasma concentration of C-reactive protein. The Cholesterol and Recur-
rent Events (CARE) Investigators. Cirulcation. 1999;100:230-235.

300

Vascular Health and Risk Management 2009:5




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


