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Background Cardiovascular disease (CVD) is more frequent among people with HIV (PWH) and may relate to
traditional and nontraditional factors, including inflammation and immune activation. A critical need exists to develop effective
strategies to prevent CVD in this population.

Methods The Randomized Trial to Prevent Vascular Events in HIV (REPRIEVE) (A5332) is a prospective, randomized, placebo-
controlled trial of a statin strategy for the primary prevention of major adverse cardiovascular events (MACE) in PWH with low to
moderate traditional risk. At least 7,500 PWH, 40-75 years of age, on stable antiretroviral therapy, will be randomized to pitavastatin
calcium (4mg/d) or identical placeboand followed for up to8 years. Participants are enrolledbasedon the2013AmericanCollegeof
Cardiology (ACC)/American Heart Association (AHA) atherosclerotic cardiovascular disease (ASCVD) risk score and low-density
lipoprotein cholesterol (LDL-C) level with a goal to identify a low- to moderate-risk population who might benefit from a pharmacologic
CVD prevention strategy. Potential participants with a risk score ≤ 15% were eligible based on decreasing LDL-C thresholds for
increasing risk score N7.5% (LDL-C b190 mg/dL for risk score b7.5%, LDL-C b160 mg/dL for risk score 7.6%-10%, and LDL-Cb130
mg/dL for risk score 10.1%-15%). The primary objective is to determine effects on a composite end point of MACE. Formal and
independent adjudication of clinical events will occur using standardized criteria. Key secondary end points include effects on MACE
components, all-cause mortality, specified non-CVD events, AIDS and non-AIDS events, and safety.

Results To date, REPRIEVE has enrolled N7,500 participants at approximately 120 sites across 11 countries, generating a
diverse and representative population of PWH to investigate the primary objective of the trial.

Conclusions REPRIEVE is the first trial investigating a primary CVD prevention strategy in PWH. REPRIEVE will inform the
field of the efficacy and safety of a statin strategy among HIV-infected participants on antiretroviral therapy and provide critical
information on CVD mechanisms and non-CVD events in PWH. (Am Heart J 2019;212:23-35.)
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Approximately 37million peopleworldwide are infectedwith
HIV.1 Although people with HIV (PWH) are surviving longer2

due to the success of antiretroviral therapy (ART), cardiovas-
cular disease (CVD) is increasing. Large studies comparing
PWH and people without HIV suggest increased rates of
myocardial infarction (MI) and stroke, with varying hazard
ratio (HR) estimates, of up to 50% ormore.3-9 In addition, CVD
mortalityhas increased inHIVandCVDmortality is nowoneof
the leading non-AIDS causes of death,10 at a time when CVD
mortality rates are dropping in the population without HIV.11

Traditional CVD risk factors, such as dyslipidemia,
smoking, and fat redistribution, including excess visceral
adiposity and diabetes, are increased among PWH but
explain only some of the excess risk of CVD events in
HIV.5,9 Increased CVD events occur even among PWH
with low to moderate traditional risk factors, suggesting
that nontraditional risk factors contribute to increased
CVD in this population. HIV results in increased
inflammation, immune activation, arterial inflammation,

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ahj.2018.12.016&domain=pdf
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and a unique atherosclerotic plaque phenotype, with
noncalcified, vulnerable plaque.12-16 In addition, throm-
bosis may be increased, as suggested by increased levels
of D-dimer and tissue factor–expressing monocytes,17

contributing to increased cardiovascular events.18 A
prevailing hypothesis is that immune activation, endo-
thelial factors, thrombogenic mechanisms, and an ath-
erogenic lipid phenotype characterized by increased
oxidized low-density lipoprotein (oxLDL) may contribute
to accelerated atherogenesis in HIV. Use of ART may
improve CVD rates19 but is unlikely to be sufficient to
fully prevent CVD in HIV, as residual inflammation,
immune activation, and arterial inflammation persist after
effective therapy.20,21

An effective primary CVD prevention strategy that
addresses both traditional and HIV-specific mediators of
CVD is critical for PWH. Statin therapy uniquely meets
these criteria. In the general population, statins reduce
LDL cholesterol (LDL-C) and prevent CVD events.22-25 In
addition, statins are known to have anti-inflammatory and
immunomodulatory characteristics, which may also
contribute to cardioprotective effects.26 The JUPITER
trial suggested an effect of statins to prevent CVD in HIV-
uninfected persons with increased C-reactive protein but
nonelevated LDL-C.27 Of note, the HR for ASCVD
reduction in JUPITER, 0.56, was greater than that
anticipated based on LDL-C lowering alone, suggesting a
potential mechanistic effect beyond LDL-C lowering.27

Studies evaluating statins in PWH have demonstrated the
significant potential to decrease LDL-C; reduce inflamma-
tory, immune activation, and arterial inflammation
indices; reduce proatherogenic oxLDL; and improve
coronary plaque characteristics, including noncalcified
plaque.28-31 Statins may also reduce activation of atypical
monocytes, thereby decreasing tissue factor activation.32

Statins may therefore be useful as a primary prevention
strategy for CVD in the setting of HIV.
Despite the evidence that statins may be an effective

strategy to reduce traditional and nontraditional risk factors
inHIV, statin use in theHIV-infected population continues to
be relatively low.33 Specific statinsmay interactwith ART via
metabolism by the CYP3A system and other mecha-
nisms.34,35 Although short-term studies suggest that specific
statins, including pitavastatin calcium (hereafter referred to
aspitavastatin), can be safely administered to PWH,28,36 the
low use of statins may reflect the uncertain efficacy for CVD
prevention, potential side effects, and ART interactions
during long-termuse. This is particularly true for those at low
to moderate risk for CVD in whom LDL-C levels are not
substantially increased. These factors suggest equipoise for a
large randomized trial to assess efficacy and safety of a statin
therapy strategy for primary CVD prevention in HIV.
We designed the Randomized Trial to Prevent Vascular

Events in HIV (REPRIEVE) (A5332) as the first large-scale,
long-term, randomized trial to assess a primary CVD
prevention strategy among PWH using pitavastatin
therapy. REPRIEVE will assess potential statin mecha-
nisms and determine effects on key comorbidities and
long-term safety. REPRIEVE addresses an urgent national
health care priority to prevent CVD among PWH.

Methods
Major objectives
The ongoing REPRIEVE trial is assessing the efficacy of a

statin to reduce the risk of CVD in PWH. The primary
objective of REPRIEVE is to determine the effects of
pitavastatin as a primary prevention strategy for major
adverse cardiovascular events (MACE) in HIV (Figure 1).
The primary outcomemeasure of MACE is a composite of MI
(classified as type 1, type 2, or other), CVD death,
hospitalization for unstable angina, revascularization (coro-
nary, carotid, or peripheral arterial), transient ischemic
attack, stroke, or hospitalization for peripheral arterial
ischemia (Table I). Although events included in the primary
end point are largely atherosclerotic in nature, end points
inclusive of nonatherosclerotic events such as CVD death,
type 2 MI, and heart failure are also assessed in the trial.
Therefore, the broader term CVS is utilized to describe the
end points of interest.
The key secondary objectives are to evaluate the effects

of pitavastatin on each of the components of the primary
composite MACE end point and all-cause mortality;
determine the effects of pitavastatin on LDL-C and non–
high-density lipoprotein cholesterol (non–HDL-C) in
relationship to MACE; evaluate whether baseline tradi-
tional risk factors and time-updated HIV-specific risk
factors are predictive of MACE and pitavastatin effects on
MACE; evaluate the effects of pitavastatin on the
incidence of serious AIDS and non-AIDS non-CVD events;
and determine the safety of pitavastatin in the HIV
population, including the development of diabetes
mellitus (DM), liver dysfunction, and myopathy.

Substudies and ancillary objectives
TheMechanistic Substudy of REPRIEVE (A5333s) aims to

determine the effects of pitavastatin on the morphology
and composition of noncalcified coronary atherosclerotic
plaque, including the progression of plaque volume and
whether these effects are modulated by markers of
inflammation and immune activation, including activated
T-cell and monocyte subsets determined by flow cytome-
try, sCD14, sCD163, IL-6, LP-PLA2, and oxLDL. Additional
ancillary objectives of REPRIEVE include assessment of sex-
based differences in statin-induced immunomodulation
and CVD risk reduction, the relationship of ovarian reserve
to CVD amongwomenwithHIV, and statin effects on renal
function. To ensure increased participation inREPRIEVEby
women living with HIV, a unique recruitment campaign
called Follow YOUR Heart37 has been developed.
Standalone ancillary studies leveraging REPRIEVE in-

clude the Pitavastatin to Reduce Physical Function



Figure 1

REPRIEVE trial schema.
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Impairment and Frailty in HIV (PREPARE) substudy to
evaluate the effects of pitavastatin on muscle strength and
function (ClinicalTrials.gov Identifier: NCT03070223)
and a study to evaluate the effects of pitavastatin on
myocardial fibrosis, myocardial steatosis, and cardiac
funct ion using magnet ic resonance imaging
(ClinicalTrials.gov Identifier: NCT03070223).

Funding
Funding for this project comes from U01HL123336

awarded to the Clinical Coordinating Center and
U01HL123339 awarded to the Data Coordinating Center
(DCC) from the National Heart, Lung, and Blood Institute
(NHLBI), the Office of AIDS Research, and the National
Institute of Allergy and Infectious Diseases (NIAID)
Division of AIDS (DAIDS) and the AIDS Clinical Trials
Group (ACTG). Additional funding comes from Kowa
Pharmaceuticals America, Inc, including for study prod-
uct and matching placebo, and Gilead Sciences, Inc. The
authors are solely responsible for the design and conduct
of this study including, all study analyses, the drafting and
editing of this manuscript, and its final contents. The
views expressed are those of the authors and do not
necessarily represent the views of the NHLBI, NIAID,
National Institutes of Health (NIH), or the United States of
Department of Health and Human Services.

Overall study design
REPRIEVE is a prospective, double-blind, randomized,

placebo-controlled, multicenter, phase III efficacy study
with 2 arms (4 mg daily pitavastatin vs matching placebo
for pitavastatin) among HIV-1–infected adults currently
on ART, followed for approximately 48 to 96 months,
depending on date of enrollment in the trial.

Choice of statin therapy
Pitavastatin was chosen because it interacts minimally

with ART and effectively decreases LDL-C among PWH36

while simultaneously reducing markers of immune
activation, arterial inflammation, and oxLDL,38 without
increasing glucose levels.

Site selection and qualification
There are approximately 120 sites in 11 countries in the

REPRIEVE trial (see site map: http://reprievetrial.org/
collaborating-sites/). These sites represent the majority of
ACTG sites and select non-ACTG sites. The Site Selection
and Performance Committee selected the sites, in
collaboration with the DAIDS Office of Clinical Site
Oversight and the ACTG Network Coordinating Center,
for their demonstrated experience enrolling in HIV trials,
ability to collaborate with a cardiologist, as well as
additional expectations of the clinical site based on a site
survey. The role of the cardiologist was not specified, but
sites were encouraged to work with a local cardiologist to
assist in questions regarding overall education about CVD
in HIV, eligibility, adjudication triggers, and safety
management of statin therapy. Specific involvement at
individual visits was left up to each site. In addition, all
sites have access to a cardiologist (P. D.) on the primary
team for any such questions throughout the trial. Before

http://ClinicalTrials.gov
http://ClinicalTrials.gov
http://reprievetrial.org/collaborating-sites/
http://reprievetrial.org/collaborating-sites/
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Table I. General principles guiding definitions of MACE components⁎1⁎

CVD death • Includes death resulting from an acute MI, sudden cardiac death,
death due to HF, death due to stroke, death due to CV procedures,
death due to CV hemorrhage, and death due to other CV causes.

Myocardial infarction • The diagnosis of MI requires the combination of: evidence of myocardial
necrosis (either changes in cardiac biomarkers or post mortem
pathological findings); and supporting information derived from the clinical
presentation, electrocardiographic changes, or the results of myocardial
or coronary artery imaging suggesting an event consistent with coronary ischemia.
• The totality of the clinical, electrocardiographic, and cardiac biomarker
information will be considered to determine whether or not an MI has occurred.
Specifically, timing and trends in cardiac biomarkers and electrocardiographic
information will be included whenever possible, but the diagnosis can still be
determined if these results are not available.

Unstable angina hospitalization • Ischemic discomfort or equivalent requiring hospitalization within 24 h with
objective signs of coronary ischemia in absence of MI. ECG, angiographic,
and imaging criteria will be considered.

Coronary, carotid, or peripheral arterial revascularization • Invasive percutaneous or surgical procedure intended to restore or improve
blood flow in a coronary or peripheral artery including but not limited to angioplasty,
stent, stent graft, or bypass graft.

Stroke • An acute episode of focal or global neurological dysfunction caused by brain,
spinal cord, or retinal vascular injury as a result of hemorrhage or infarction.

Transient ischemic attack • A transient episode of focal neurological dysfunction caused by brain, spinal cord,
or retinal ischemia, without stroke.

Peripheral arterial ischemia • Urgent hospitalization for insufficiency of the peripheral arterial circulation,
including but not limited to acute limb ischemia, chronic limb ischemia,
amputation, or other vascular abnormality of an ischemic and noninfectious nature.

Additional end points of interest
Non-CVD death • In addition to CVD death which is a component of the primary end point,

all deaths will be adjudicated by the CEC to determine likely cause.
Hospitalization for heart failure • Defined as an event that meets 5 specific criteria including a hospital admission

with primary diagnosis of HF, length of hospitalization must extend for at least
24 h, the participant exhibits new or worsening symptoms of HF, and finally the
participant received initiation or intensification of treatment for HF.

HF, heart failure.
⁎ The primary end point of MACE includes the composite of the CVD events listed below. Formal definitions for each component are contained within the Clinical Events (CEC)
charters and are based on the Standardized Definitions for Cardiovascular and Stroke End point Events in Clinical Trials.
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beginning enrollment, each site was required to undergo
DAIDSOffice ofClinical SiteOversight approval that included
completion of activities such as laboratory certification,Good
Clinical Practice training, training on reporting expedited
adverse events, and others. In parallel, all sites were required
to be protocol activated by completing requirements such as
institutional review board (IRB) approval, contract execu-
tion, DAIDS protocol registration of the protocol, protocol
training, and submission of completed Protocol Activation
Checklist. These processes ensured that all sites were
qualified and prepared to enroll and follow participants for
the duration of REPRIEVE.

Study population
At least 7,500 HIV-infectedmen andwomen≥40 and≤75

years of age, on any ART regimen for at least 6 months prior
to study entry, with CD4+ T-cell count N100 cells/mm3 are
enrolling into REPRIEVE. Participants with a 10-year ASCVD
risk score estimated by the 2013 ACC/AHA Pooled Cohort
Equations of ≤15% and with fasting LDL-C meeting specific
thresholds depending on the ASCVD risk score are eligible
for enrollment in REPRIEVE (Table II). Because of the
requirement to meet specific fasting LDL-C thresholds
combined with specific ASCVD risk score thresholds,
REPRIEVE participants are considered to be at relatively
low to moderate risk for the development of CVD using
conventional classification tools.

Participant eligibility
Eligibility for REPRIEVE is determined at a screening visit at

which the 10-year ASCVD risk score (http://tools.acc.org/
ASCVD-Risk-Estimator/) is calculated. In addition, sites
collect information on medical history, including cardiovas-
cular risk history, physical examination, and medication
history. Laboratory values are drawn or obtained from
clinical care for the estimation of glomerular function and
calculation of FIB-4 for persons with HCV and/or HBV. See
Table II for the full list of inclusion and exclusion criteria.

Randomization
Eligible participants provide written informed consent

and are randomly assigned in a ratio of 1:1 to either 4 mg

http://tools.acc.org/ASCVD-Risk-Estimator/
http://tools.acc.org/ASCVD-Risk-Estimator/


Table II. Eligibility criteria in REPRIEVE (A5332)

Inclusion criteria

Men and women age ≥40 and ≤75 y of age
Documentation of HIV-1 infection
Combination ART for at least 180 d prior to study entry
CD4+ cell count N100 cells/mm3

Fasting LDL-C as follows:
If ASCVD risk score b7.5%, LDL-C must be b190 mg/dL
If ASCVD risk score ≥7.5% and ≤10%, LDL-C must be b160 mg/dL
If ASCVD risk score N10% and ≤15%, LDL-C must be b130 mg/dL

Fasting triglycerides b500 mg/dL
Hemoglobin ≥8 g/dL for female participants and ≥9 g/dL for male participants
GFR ≥60 mL/min/1.73 m2 or CrCl ≥60 mL/min
ALT ≤2.5× ULN
For persons with known chronic active HBV or HCV, calculated FIB-4 score must be ≤3.25
Female participants of reproductive potential must have a negative serum or urine pregnancy test result
For women of reproductive potential, willingness to use contraceptives as described in the product information for pitavastatin
Ability and willingness of participant or legal representative to provide written informed consent

Exclusion criteria
Clinical ASCVD, as defined by 2013 ACC/AHA guidelines
Current diabetes mellitus if LDL-C ≥70 mg/dL
10-y ASCVD risk score estimated by Pooled Cohort Equations N15%
Active cancer within 12 m prior to study entry
Known decompensated cirrhosis
History of myositis or myopathy with active disease in the 180 d prior to study entry
Known untreated symptomatic thyroid disease
History of allergy or severe adverse reaction to statins
Use of specific immunosuppressants or immunomodulatory agents in the 30 d prior to study entry
Current use of erythromycin, colchicine, or rifampin
Use of any statin drugs, gemfibrozil, or PCSK9 inhibitors in the 90 d prior to study entry
Current use of an investigational new drug that would be contraindicated
Serious illness or trauma requiring systemic treatment or hospitalization in the 30 d prior to study entry
Known active or recent (not fully resolved within 30 d prior to study entry) systemic bacterial, fungal, parasitic,
or viral infections (except HIV, HBV, HPV, or HCV)

Current breastfeeding
Alcohol or drug use that, in the opinion of the site investigator, would interfere with completion of study procedures
Other medical, psychiatric, or psychological condition that, in the opinion of the site investigator, would interfere with completion of study procedures and or
adherence to study drug

GFR, glomerular filtration rate; CrCl, creatinine clearance; ALT, alanine aminotransferase; ULN, upper limit of normal; HBV, hepatitis B virus; HCV, hepatitis C virus; FIB-4, fibrosis-4;
HPV, human papillomavirus.
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pitavastatin or identical placebo for pitavastatin, 1 pill
daily. A computer-generated permuted block randomiza-
tion scheme is used with stratification by sex at birth,
CD4+ T-cell count (≤500 vs N500 cells/mm), and
participation in the Mechanistic Substudy of REPRIEVE.
All entry evaluations occur after randomization but before
initiation of study treatment. Participants initiate study
treatment within 72 hours of randomization unless they
are co-enrolled to the magnetic resonance imaging or
Mechanistic Substudy which allows initiation of study
treatment up to 14 days after randomization. Randomiza-
tion is blinded to the study investigators and participants.

Intervention and subsequent study visits
After completion of the entry visit, participants begin

treatment with blinded study medication and return for
study visits every 4 months and a safety visit 1 month after
the entry visit; see Figure 2 for details of each visit type.
Participants and investigators are blinded to centrally tested
laboratory results collected during the study (lipids, glucose,
and inflammatory markers). The Clinical Coordinating
Center had no access to prespecified lipid, glucose, and
inflammatory data. Sites were neither encouraged nor
prohibited from assessing lipid levels for clinical care.
Given the relatively low levels of LDL-C in the study
population, a relatively low crossover rate was anticipated,
and this is monitored throughout the trial by the Data Safety
Monitoring Board (DSMB) (see “Sample Size and Power
Calculations”). All participants receive information on
healthy lifestyle activities annually in the Lipid-Lowering
Diet, Activity, and Smoking Cessation Guide.
Outcome measures
Primary outcome measures
The primary outcome measure of REPRIEVE is time to

first MACE. Primary events are prospectively determined
and adjudicated by an independent clinical events review



Figure 2

Flow diagram of REPRIEVE study visits.
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process, conducted by the Thrombolysis in Myocardial
Infarction group at the Brigham and Women’s Hospital,
Boston, MA, USA, based on standardized criteria used in prior
cardiovascular trials and developed by consensus groups and
the FDA.39 TheREPRIEVEDCC staff arranges for the necessary
materials to be provided to the Thrombolysis in Myocardial
Infarction group’s Clinical Events Committee (CEC). Study and
site investigators do not receive decisions on event adjudica-
tions. Themeasurement of the time to event is from thedate of
randomization to the date of the event onset.

Secondary outcome measures
Secondary outcome measures include time to the first of

each individual component of the primary end point; time to
death (all-cause mortality); time to death and/or MACE; time
to any or each of the following clinical diagnoses including
non–AIDS-defining cancers; AIDS-defining events; initiation
of dialysis or renal transplantation, cirrhosis, or hepatic
decompensation requiring hospitalization; and calculated
fasting LDL-C and non–HDL-C cholesterol levels at study
entry and annually thereafter, as well as change from
baseline. Safety outcome measures include time to a serious
adverse event, incident diabetes, grade 3 or 4 alanine
aminotransferase, and grade 3 or 4 myopathy, which were
all defined using the Division of AIDS Table for Grading the
Severity of Adult and Pediatric Adverse Events (https://rsc.
niaid.nih.gov/sites/default/files/daidsgradingcorrectedv21.
pdf). Exploratory outcome measures include fasting total
cholesterol andHDL-C, LDL-C/HDL-C ratio, and time to heart
failure. Stored plasma and serum at baseline, yearly study
visits, and end of study will be available for secondary
analyses to address safety and mechanistic questions raised
by the study.
Statistical methods
Sample size and power considerations
The initial design of REPRIEVE was to enroll 6,500

participants over 2.5 years, with median follow-up of 4.75
years. This design was chosen to achieve 90% power to
detect a 30% reduction in MACE and assumed an underlying
control event rate of 15/1,000 PY, 10% crossover rate, and
5%annual loss to followup. The control ratewas determined
from data from the Partners Research Patient Data Registry
for individuals ≥40 years of age in conjunction with
published data from the JUPITER trial (a primary CVD
prevention trial in HIV-uninfected persons).27 Specifically,
among 3,213 PWH followed over 10 years between 2000
and 2009 at Partners Health Care in Boston, MA, USA, a
MACE rate of 13/1,000 PY that excluded CVD death was
estimated (unpublished data). In JUPITER, CVD death
represented 20% of all MACE. Applying this adjustment to
the Partners Research Patient Data Registry estimate gave an
estimated MACE rate in HIV to 16.2/1,000 PY. The MACE
rate for the placebo group among HIV-uninfected partici-
pants in JUPITERwas 13.6/1,000PY.A finalMACE rate of 15/
1,000 PY was chosen for REPRIEVE as a reasonable
compromise and in line with these rates.

https://rsc.niaid.nih.gov/sites/default/files/daidsgradingcorrectedv21.pdf
https://rsc.niaid.nih.gov/sites/default/files/daidsgradingcorrectedv21.pdf
https://rsc.niaid.nih.gov/sites/default/files/daidsgradingcorrectedv21.pdf
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Table III. Overview of DSMB monitoring focus and frequency of review

Primary focus Frequency of review (unless otherwise requested by the DSMB)

Feasibility and conduct:
Site activation, enrollment, data and visit completeness,
rates of loss to follow-up and crossover.

Approximately every 6 m

Safety:
Rates of adverse events by treatment group

Approximately every 6 m

Event rate evaluation (adequacy of sample size):
Pooled rates of events observed to date.
If the pooled rate falls below a specified target,
predicted confidence interval analysis of the pooled
event rate under a range of realistic scenarios

Approximately every 6 m, starting 1 y after enrollment of first participant

Efficacy and futility:
Treatment group comparison for the primary
end point using group sequential methods

Annually starting once the adequacy of the sample size has been established.
A total of 3 interim looks for efficacy are planned, at 40%, 60%, and 80% of total
information (ie, expected number of end points)

Accrual targets for the entire enrollment course of REPRIEVE were mutually agreed upon between the REPRIEVE Principal Investigators and NHLBI to allow the study to be fully enrolled
over 4 years.

Figure 3

REPRIEVE trial accrual figure. Dotted line shows actual accrual progress. Colored bands denote predefined NIH target enrollment zones: yellow/
light gray (100% to 75%), orange/medium gray (75% to 25%), red/dark gray (b25%).
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Under its current design (see section below on “Design
Changes”), REPRIEVE will enroll at least 7,500 partici-
pants over 4 years with maximum follow-up of 8 years
(median follow-up 6 years). Under this design (with the
original assumptions for crossover and loss to follow-up
rates maintained), the study has 85% power to detect the
target HR of 0.7 in the setting of a MACE rate in the
control group as low as 8.4 events/1,000 PY.
Interim monitoring plan and benchmarks
REPRIEVE undergoes review by an NHLBI-appointed

DSMB for study conduct, continued feasibility, safety, and
efficacy. The Board convenes to review accumulated data
at 6-month intervals and provides recommendations
regarding termination, continuing, or modifying the
study protocol as necessary. A summary of the monitor-
ing schedule is provided in Table III and Figure 3.

Image of 


Figure 4

Timeline of REPRIEVE design changes and amendments.
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Statistical analyses
All major treatment comparisons between the random-

ized groups will be performed according to the principle
of “intention-to-treat” and statistical comparisons using 2-
sided significance tests with a 5% type I error. Time to
event outcomes will be defined from time of randomiza-
tion; treatment comparison of these outcomes will use
methods for competing risks, notably Cox proportional
hazards models for estimation of cause-specific HRs and
Gray test for comparison of cumulative incidence curves;
all testing will be stratified by sex and CD4 cell count per
randomization. For the primary outcome of time to first
MACE, deaths from non-CVD causes will be treated as
competing risk events. In supportive analyses, Poisson
regression with robust variance estimates will also be
used to incorporate multiple and repeated events in
evaluation of event incidence rates by treatment group
and rate ratios. To complement the primary analyses, the
same analytic approach will be used for evaluation of
individual components of the primary MACE end point as
well as other prespecified secondary end points. In the
absence of a competing risk event, treatment compari-
sons of all-cause mortality and a composite of MACE and
all-cause mortality will use a stratified log-rank test.

Design changes
After early recruitment demonstrated a lower-than-

anticipated median 10-year predicted ASCVD risk in the
study population as a whole, a number of design changes
have been made to ensure that the REPRIEVE population
represents the intended broad cross section of individuals
with low to moderate cardiovascular risk: the upper
threshold of risk score for eligibility has been increased,
and an enrollment limit for participants with the lowest
risk estimates has been set. See Figure 4 for timeline of
design changes.
As previously described, the target sample size and
follow-up duration have also been increased. These
changes were implemented following DSMB review of
pooled event rate data.
A timeline of relevant amendments is shown in Figure 4.

All changes weremade before the first DSMB interim look at
the outcome data by treatment arm.
Organization and human studies
approval
Conduct of the trial is in partnership with the ACTG

under the sponsorship of DAIDS. DAIDS holds the study
IND and provides regulatory support, clinical monitoring,
and oversight of sites (ACTG and non-ACTG). Coordina-
tion of clinical activities and execution of the protocol are
overseen by the Clinical Coordinating Center at MGH,
whereas coordination of data flow and storage are
overseen by the DCC with responsibilities shared
between MGH (imaging and administration), Center for
Biostatistics and AIDS Research at Harvard School of
Public Health (biostatistics), and Frontier Science Foun-
dation (data management, including specimen handling
and shipping).
REPRIEVE is conducted under the supervision of an

Executive Committee (EC) which includes NIH (NHLBI
and NIAID representation). The EC developed the
protocol and oversees trial execution. The EC supervises
the Publications Committee, the Operational Leadership
Committee, the Protocol Committee, and the Site
Selection and Performance Committee, which perform
all aspects of protocol monitoring, protocol development
and site selection, evaluation, and performance monitor-
ing through prespecified metrics. The DAIDS Medical
Officer is responsible for safety oversight. See Figure 5 for
the REPRIEVE trial Organization.
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Figure 5

REPRIEVE trial organization.
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The Partners Health Care IRB approved the protocol
and provides oversight of central activities of the
Coordinating Centers, including implementation of de-
sign changes and overall trial structure. Each clinical
research site has obtained local IRB/ethics committee
approval and any other applicable regulatory entity
approval. Each participant has been provided with
study information and signed a declaration of informed
consent.
A parallel but identical study is being planned in Europe

under the supervision of the NEAT-ID trial network and is
co-sponsored by the Massachusetts General Hospital,
Boston, MA, USA, and NEAT-ID, Brussels, Belgium, to
facilitate additional enrollment of approximately 250
participants. Data from this parallel trial will be will be
analyzed in combination with the main data.
Results
Enrollment
As of March 25th, 2019 REPRIEVE has enrolled

approximately 7,500 participants since March of
2015. Enrolling sites include 51 ACTG and 66 non-
ACTG sites, located in the United States (85), Canada
(6), Brazil (10), Thailand (2), South Africa (5), Haiti (2),
Peru (2), Botswana (1), Uganda (1), Zimbabwe (1), and
India (2).
Discussion
The REPRIEVE trial is a landmark outcome trial

designed to determine the efficacy of a statin strategy to
prevent primary CVD, defined using a standard MACE
definition, among PWH, receiving ART, with low to
moderate CVD risk. The study began in 2015 and has
completed enrollment, using almost 120 sites across the
globe in 11 different countries. The trial has enrolled a
highly representative population, reflecting the diversity
of sex, race, ethnicity, and demographics of a large at-risk
HIV population for whom little information and no
proven primary CVD prevention exist. This significant
achievement is based on a successful and novel
collaboration between multiple public and private
stakeholders, including NHLBI, NIAID, Office of AIDS
Research, ACTG, Kowa Pharmaceuticals America, Inc,
and Gilead Sciences, Inc. Unique strategies to recruit this
population were developed and used by the REPRIEVE
investigators. Importantly, REPRIEVE is a public resource
to be leveraged to understand the mechanism of CVD in
HIV. Numerous ancillary studies have already been
funded in this regard, including studies on the sex-
specific CVD mechanisms and statin effects in HIV, and
statin effects on kidney and muscle function, and cardiac
fibrosis, steatosis, and function.
This trial was designed to address the increased

incidence of CVD among the HIV population, occurring
often in relatively young PWH, without significant
traditional CVD risk or abnormal LDL-C. Risk stratification
strategies have not yet been fully developed that
accurately predict CVD events in HIV, and accurately
identifying those most at risk is difficult. REPRIEVE relied
on a recently developed algorithm, the 2013 ACC/AHA
risk calculator based on the Pooled Cohort Equation with
modification to allow in higher-risk participants with
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lower LDL-C levels. Data on the utility of this score are
retrospective, suggesting potentially that the score may
underpredict events.40,41 The ACC/AHA risk prediction
algorithm was not specifically designed for use in the HIV
population and did not include significant numbers of
PWH in the cohorts. As such, REPRIEVE is the first large
study to use this algorithm to recruit participants. Over
the course of recruitment for the trial, adjustments were
made in the ACC/AHA thresholds, and the size of the low-
risk groups with less than 2.5% and 5% predicted 10-year
risk was limited to generate the most highly representa-
tive and scientifically and clinically valid population, with
a high enough risk score to potentially benefit from the
treatment strategy but not too high to maintain equipoise.
To help ensure equipoise, REPRIEVE requires progres-

sively lower LDL-C thresholds for entry among partici-
pants with N7.5% ASCVD risk, a level often recommended
for statin use in the general population. These entry
criteria aim to identify a low- to moderate-risk group for
whom the efficacy of primary prevention remains
unknown and thus the need for statin prescribing unclear
among PWH. Limiting enrollment to only lower-risk
individuals (b7.5%) has the risk of including individuals at
too low a risk to benefit from statin therapy, whereas
including those with a higher risk score risks enrolling
individuals for whom statins have proven beneficial in the
general population, albeit not in any studies of the HIV
population. The REPRIEVE trial has made a significant
effort to strike a balance in this regard, enrolling across a
range of relevant ASCVD risk scores and using LDL-C as an
additional variable to help ensure equipoise. Initial
consideration was given to enrolling strictly based on
risk score b7.5%, but with ongoing monitoring of the
trial, the DSMB recommended that this threshold be
increased to capture the intended population, with a
caveat that specific LDL-C thresholds be used for higher
risk scores (see “Design Changes”). Prior to enrollment,
all potential participants are encouraged to have an
informed discussion with the investigator and relevant
clinical caregivers to discuss options, including potential
clinical use of statins as recommended by current
guidelines in lieu of study participation. An important
outcome of the REPRIEVE trial will be to prospectively
assess the accuracy of this prediction algorithm in a
highly representative HIV population and to determine
how best to identify those with increased risk for CVD
events.
REPRIEVE uses a newer statin, pitavastatin, which

minimally interacts with ART, as a strategy to prevent
CVD. Statin therapy reduces CVD in primary and
secondary prevention strategies in HIV-uninfected indi-
viduals, including among those with normal LDL-C and
increased evidence of inflammation. Statins have been
used, albeit in a limited fashion, among PWH; have been
shown to reduce LDL-C effectively and improve key
inflammatory and immune indices29,32,38 thought to drive
accelerated atherogenesis in HIV; and have been shown
to reduce vulnerable noncalcified coronary atheroscle-
rotic plaque in small studies.29 Nonetheless, the long-
term efficacy as a primary prevention strategy and the
safety of these agents remain unknown. Efficacy in terms
of LDL-C lowering and safety were key considerations for
the choice of the statin used in REPRIEVE. Compared to
other statins, pitavastatin at 4 mg/d, a moderate-intensity
regimen, reduces LDL-C more than 40 mg/d of pravastatin
in PWH27 but may reduce LDL-C less than high-dose
atorvastatin or rosuvastatin, depending on doses used.
Both atorvastatin and rosuvastatin have known interac-
tions with ART. Moreover, certain statins have been
shown to increase the incidence of diabetes in large
studies of HIV-uninfected persons, including rosuvastatin
in JUPITER,36 although the effect was small in compar-
ison to the overall benefit. In addition, rosuvastatin
increased insulin and glucose parameters in the SATURN
trial among PWH.42 This is an important issue in the HIV
population, in whom insulin resistance is common. We
chose pitavastatin, which was shown to be neutral to
glucose in a large study of PWH, INTREPID,43 but it will
be important to ascertain long-term effects in this regard,
as well as effects on muscle and liver, and overall
tolerability, and balance these in the context of degree of
efficacy. Depending on the results, safety, and determi-
nation of the relationship of LDL-C lowering to event
reduction in the HIV-infected population studied in
REPRIEVE, even more potent strategies to lower LDL-C,
including higher-intensity statins, could be considered for
future trials. In addition, other strategies may be useful for
the HIV population, including other anti-inflammatory
strategies, but these may be limited by adverse effects and
lack of efficacy. Canakinumab was shown to be effective
in HIV-uninfected persons but increased the incidence of
fatal infections, so it may not be optimal for PWH.27

Methotrexate has not been proven to prevent CVD events
in HIV-uninfected persons and was not shown to
effectively lower markers of immune activation and
inflammation, nor significantly reduce arterial inflamma-
tion in PWH.43 In contrast, statin therapy may have
beneficial pleotropic and effects on lipid and inflamma-
tory indices and thus may be useful for the HIV
population. REPRIEVE will answer this hypothesis.
REPRIEVE will assess effects of statin therapy on MACE.

The effect size chosen for REPRIEVE, 30%, is more than
the 22% based on LDL-C lowering alone, seen among HIV-
uninfected persons in the CTT collaboration meta-
analysis.44 This is consistent with the hypothesis of
REPRIEVE that statin therapy will have an effect beyond
LDL-C lowering. In contrast, 30% is more conservative
than the observed effect size of 44% seen in JUPITER,
given the uncertainty of statin effects in PWH. The effect
size of 30% was deemed clinically relevant for the HIV
population and consistent with prior data and the
hypotheses of the study.
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Beyond the primary end point of MACE, the study will
assess effects on MACE plus all-cause mortality as a broad
index of benefit. Effects on individual components of MACE
and all-cause mortality will also be assessed. Importantly,
REPRIEVE will assess whether MIs in PWH are predom-
inantly type 1 or 2. In addition, REPRIEVE will assess effects
on AIDS end points and non-AIDS end points including
cancer and renal and liver disease. Statin therapy may have
potential benefits on these end points through anti-
inflammatory or other mechanisms. Critically, REPRIEVE
will assess time-updated immunological indices and deter-
mine effects of statins on these end points, and whether
effects on primary end points are modified or predicted by
baseline or change in immune function. Effects on glucose
will be determined as will incident diabetes to further assess
metabolic and safety parameters. Effects of statin therapy on
coronary plaque and detailed immune and inflammatory
indices will be addressed in a large 800-person Mechanistic
Substudy of REPRIEVE, in which participants are followed
after randomization, with coronary computed tomography
angiography at baseline and 2 years. The design of this
embedded substudy is described in a separate manuscript.

Summary and significance
REPRIEVE is a landmark trial and the first large, randomized

trial of a primary prevention strategy for CVD in HIV. Data
from REPRIEVE will inform clinicians on the efficacy and
safety of statins in PWH. The trial will provide critical
information on the utility of CVD risk prediction algorithms,
mechanisms of CVD, including sex-related factors, plaque
biology, and statin effects on other comorbidities in a diverse,
global population of PWH receiving ART.
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