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Abstract

Heart failure with reduced ejection fraction (HFrEF) is a common cause for admission within the
Veterans Affairs (VA) Health Care System. It is associated with severe impairment of physical and mental
health status and carries a high 5-yr mortality rate of ~75%. Even though significant progress has been
made in understanding its pathophysiology, currently, its management and treatment is based on
therapeutic targeting of a limited number of receptors and pathways.

Our team and others have made great progress in the last few years by understanding and
harnessing the Transient Potential Receptor superfamily as regulators of cardiovascular function.
Specifically, our laboratory has explored the role the vanilloid 2 (TRPV2) subtype plays in regulating
calcium handling and contractility. This work has led us to understand that TRPV2 modulates contractility
via increasing calcium cycling in myocytes on a beat-to-beat basis.

We have used probenecid, a generic, globally available drug with an extremely safe profile that
has been used for decades as a treatment for gout, as a TRPV2 agonist. Our work with this drug has
demonstrated it to be a potent inotrope without apoptotic, chronotropic or arrhythmogenic effects in
cardiomyocytes in vitro as well as in vivo murine and porcine models. These findings have been taken to
the bedside with a recently published small phase 2 study of 20 adult patients with HFrEF (the
ReProsper HF pilot study) where we demonstrated a mean improvement in left ventricular systolic and
diastolic function with no adverse effects after only 1 week of treatment. The use of probenecid in HFrEF
was also indirectly supported by a recent retrospective study of approximately 40,000 patients in the
Medicare database that found treatment with probenecid (not specifically for heart disease) was
associated with a 9% decreased risk of HF hospitalization. These studies strongly argue for the safety and
potential efficacy of probenecid to improve systolic function and the need for a larger study, and of
longer duration that also evaluates functional and health status outcomes in addition to systolic
function.

The overall objective of this study is the treatment of outpatient veterans with NYHA II-1ll heart
failure with reduced ejection fraction (HFrEF) with probenecid to improve systolic and health function.
Specifically, we are proposing a three-site double-blinded, randomized, placebo-controlled, trial that will

VA Central IRB
Effective Date: December 18, 2025




Page 2 of 24

assess whether oral probenecid administered at 1 gr. orally twice per day for 180 days in patients with
NYHA IlI-lll HFrEF improves systolic function as measured via ejection fraction with echocardiography
(aim 1); improves functional status as measured by exercise stress testing (aim 2); and improves self-
report heart failure specific health status as measured by Kansas City Cardiomyopathy Questionnaire
(KCCQ) and overall health status measured by EQ5D (aim 3).
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Ejection Fraction. The Re-Prosper HF study

1.0 Study Personnel

Principal Investigators/Study Chairs:
Hank Wu
Jacob Joseph

Jack Rubinstein

2.0 Introduction

Heart failure with reduced ejection fraction (HFrEF) affects millions of people worldwide. The
prevalence increases with advancing age and has a dismal prognosis (mortality of about 75% at 5 years)
that has only slightly improved in the last few decades [1]. HFrEF affects patients of all ages but is more
common in older patients suffering from ischemic and hypertensive heart disease [2]. Heart failure has
been the number one reason for admission among patients in the Veterans Affairs (VA) Health Care
System [3], and even with improved therapeutic options the VA hospitalization rate for heart failure has
remained stable while rehospitalization rates for HF may have increased [3].

There are limited inotropic options available for VA patients suffering from HFrEF. Current
intravenous inotropic options such as dobutamine and milrinone/amrinone for HFrEF are insufficiently
effective and appear to result in worse outcomes [4]. Although digoxin is a currently used oral inotrope
that may reduce HF hospitalizations, it has a narrow therapeutic range, requires frequent monitoring of
serum levels to avoid life-threatening toxicity[5], and has been recently found to increase the risk of
death in large subsets of patients with HFrEF[6] including those with rheumatic heart disease. Even
though noninotropic options such as betablockade and renin-angiotensin inhibition have significantly
improved outcomes for patients with HFrEF, the disease is still associated with a dismal prognosis [ 7]
and lends credence to the concept that new therapeutic options can be additive and/or synergistic.
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Probenecid is a positive inotrope that has been shown to improve cardiac function in small
studies. To date, limited oral inotropic options are undergoing clinical trials and no major inotropic
breakthroughs have been safely taken to the patient’s bedside in decades (see section 1.6). Our
laboratory has reported that probenecid, a generic, safe and globally available drug for the treatment of
gout is also an agonist of the transient receptor potential vanilloid 2 (TRPV2) channel [8]. We have also
shown that TRPV2 is present in the cardiomyocyte and when stimulated with probenecid results in a
potent inotropic response partially via improved calcium handling and calcium sensitivity of thin
filaments without apoptotic, chronotropic, or arrhythmogenic side effects [9-10].

The potential clinical benefit of probenecid in acute systolic heart failure was described by our
group in a recent publication where we conducted a pilot phase 2 study that tested probenecid at 1 gr.
orally twice daily (as proposed in this study) in 20 adult patients with previously established
compensated HFrEF with LVEF<40% for at least three months in a randomized, double-blind, cross-over,
placebo- controlled, trial. The sample was middle-aged (mean age 57), 80% male, and predominantly
classified as NYHA functional class Il (93%). Sixty percent had ischemic (ICMP) and forty percent non-
ischemic cardiomyopathy (NICMP). The mean echocardiographic EF was low upon enrollment
(28.1+£8.2%). On probenecid, EF increased significantly (4.67 + 1.95%) compared with placebo (-3.0 +
1.95%, P=0.009). EDV change was also significantly lower on probenecid than on placebo (-14.4 + 11.8
vs. 28.3 £ 11.8; respectively, p=0.02). Furthermore, there was also improvement in diastolic function as
probenecid therapy resulted in a decrease in E/e” that was not observed with placebo (p=0.03). In a
post-hoc analysis, there was
no significant difference in response between ICMP and NICMP. Lastly, the mean 6MWT before
probenecid administration was 1113.2 + 353.2 ft. Changes in distance walked after probenecid
treatment were slightly higher in comparison to placebo, however, did not reach statistical significance
(+21.1 £ 24.9 feet vs. -22.7 + 24.9 feet; p=0.23). Serious adverse reactions were not reported in any of
the study patients related to the study medication [11]. Furthermore, a recent case report confirmed
our findings as a subject with muscular dystrophy and end stage heart failure was weaned successfully
off inotropic support with probenecid therapy. Lastly, an AHA funded study in Fontan’s population was
recently concluded (currently under review) and demonstrated not only significant improvement in
cardiac function but was also well tolerated in a pediatric patient population with significant ventricular
dysfunction.

Further support for the safety of probenecid comes from a recent study of nearly 40,000
Medicare recipients retrospectively compared outcomes in subjects who had initiated probenecid in
comparison to allopurinol between 2008 and 2013[12]. The authors found that among the patients with
no baseline HF, the incidence of hospitalization for new-onset HF was similar between the probenecid
and the allopurinol groups (HR: 0.95; 95% Cl: 0.84 to 1.08). However, the incidence of hospitalization for
HF exacerbation in patients with baseline HF was significantly lower in the probenecid group (HR: 0.91;
95% Cl: 0.83 to 0.997). Although the study cannot elucidate the drug effect by LVEF, it provides indirect
evidence in a large population that probenecid is safe and improves outcomes in HF as described in
detail in the accompanying editorial to the paper [13]. This finding together with the data above strongly
argues that inotropic support in HFrEF is not only safe, but also has significant potential to improve
outcomes in this population.

In conclusion, the spectrum of our basic, translational and clinical data strongly supports the
basic science findings that probenecid administration improves cardiac systolic function and that it is
translatable to human patients with HFrEF without adverse effects regardless of the etiology.
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3.0 Objectives

This study will test the hypothesis that probenecid improves cardiac function and
symptomatology in patients with HFrEF and NYHA [I-Ill symptoms.

The purpose of this study is to determine the chronic effects of probenecid therapy on subjects
with HFrEF. The main primary outcome is echocardiogram-derived parameters of cardiac function. The
secondary outcome is change from baseline in exercise tolerance via a symptom-limited exercise test on
a cycle ergometer and the tertiary outcome is change from baseline in KCCQ and EQ5D.

The main goal of this proposal is to determine if treatment of outpatient veterans with NYHA II-
Il heart failure with reduced ejection fraction (HFrEF, LVEF<40%) with probenecid for 180 days will
improve systolic and health function. The specific outcomes that we will measure are highly relevant as
contractility (as measured via EF) is a powerful predictor of cardiovascular outcome. Furthermore, most
patients with HFrEF report reduced functional status and impaired quality of life. Thus, in addition to our
primary aim of improved systolic function, the importance of improving (and measuring) symptoms and
functional status are in and of themselves clinically important endpoints that are the primary outcome in
many HF studies [14,15].

This project is highly significant to the VA and HF population in general because if successful, it
will likely offer a new, inexpensive, safe, and effective alternative for patients with HFrEF that may
improve their systolic function and potentially lead to improved functional status and quality of life, as
well as potentially decreasing costs (via reduced rehospitalization rates) and improving mortality.

4.0 Resources and Personnel

Jack Rubinstein, MD is the Director of the Clinical Research Unit at the Cincinnati VAMC. Dr.
Rubinstein will serve as the contact Pl and will oversee scientific aspects of the design and conduct of
the trial he will also take responsibility for the communication with the VA HSRD, cIRB, and DMC and for
submission of periodical reports.

Wen-Chih Wu, MD, MPH is the Chief of Medicine at Providence VAMC with a focus on
Preventive Cardiology and Imaging. In addition, Dr. Wu is the Medical Director of the Lifespan
Hospital’s Cardiac Rehab Program, Professor of Medicine and Epidemiology at Brown University, and
Director of the Brown University Preventive Cardiology Fellowship Program. His site will serve as the
core echo site.

Jacob Joseph, MBBS, MD is the Chief of Cardiology at Providence VA Medical Center. He is a
nationally recognized leader in clinical trials and is the PI for networks of VA sites in several NIH and
Industry funded national and international clinical trials, and is a member of steering and executive
committees, of large multicenter trials.

5.0 Study Design

This is a multi-site, double-blinded, randomized, placebo controlled, parallel design, trial in a 1:1
fashion of 1 gr. orally of probenecid twice daily or identical placebo for 180 days. We propose to recruit
120 subjects (power analysis below) with HFrEF (LVEF<40%), NYHA II-Ill on guideline directed medical
therapy.
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6.0 Drug

Study medications (in 3-month supplies) corresponding to the assigned treatment arm will be
provided at baseline and regular study visits by the study staff. The blinded compound (500 mg. tablets)
and the matching placebo will be distributed by a central pharmacy to the site pharmacies in
predetermined shipments that may be adjusted depending on recruitment.

Patients will be required to take two tablets twice a day for the duration of the study. Patients
will be instructed to take their morning study drug doses with breakfast and their evening dose at
approximately with supper. If the patient misses taking any study drug dose, they should take it as soon
as possible, unless it is less than 4 hours before the next scheduled dose. In this case, the patient should
skip the missed dose, and return to their regular study drug schedule.

All study drug dispensed to the patient during the study will be recorded in the local site’s
Investigational Pharmacy Accountability Records according to standard VA dispensing procedures.

Compliance with study medications will be reinforced during study visits. All prescribed
medications, over-the-counter medications and supplements will be obtained at baseline and during the
study visits to help ensure fidelity of the study interventions.

The investigator team will promote compliance by instructing the patient to take the drug exactly
as prescribed and by stating that compliance is necessary for the patient’s safety and the validity of the
study. Compliance will be assessed by the study team at the research visits using pill counts and
information provided by the patient and/or care giver. This information will be captured in the source
document at each visit. The study personnel will counsel the patient if compliance is below 80% at any
time during the study.

The duration of randomized treatment exposure will be calculated based upon the start and stop
dates recorded in the investigational pharmacy accountability records. Study drug accountability will be
verified by the local research pharmacist against the local site’s investigational pharmacy accountability
records on a quarterly basis. Any significant discrepancies will be notified to the PI.

The patient will be instructed to contact the study staff if they are unable for any reason to take
the study drug as prescribed.

In the case of AE/SAE the LSI will use clinical judgment to hold and rechallenge study medication.

While not specifically anticipated, and to date not observed, there is a theoretical risk for
worsening ischemia and/or arrhythmias with traditional inotropes. Thus, at the 3 month visit there will
be blood draws to measure troponin as a marker of ischemia as well as EKG to monitor for the presence
of new onset clinically significant AV block and/or QT prolongation will be monitored and study drug will
be discontinued if AV block increase by one level (first to second or second to third) or QTc prolongation
>500 ms in absence of ventricular conduction delays (bundle branch blocks or paced rhythm). In case of
paced beats or underlying conduction abnormalities, an increase of over 20% of QTc interval as
measured in ms by the site PI, will be cause for discontinuation. These will be analyzed in real time and
reported to the DMC as described below.

If any of the following parameters are out of range (and with PI discretion) the study medication
will be held for 1 month. The medication will be held until the parameters return within range at the
next study visit. If the value is still not within range the study medication will be held for a second month
and the patient will be asked to return the following month. If at that visit the value is still not in range
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the study medication will be held indefinitely. The patient will be included in ITT and will continue in trial
until completion.

The following parameters will be reported to the Pl immediately and to the DMC within 3 days:
1. Creatinine clearance (eGFR) <30 ml/min (as calculated with the CKD-EPI Creatinine
Equation) 2. HR over 120 BPM

3.  Systolic blood pressure lower than 90 mm HG.

4.  QTc > 500 msec in non-paced ventricular beats with normal conduction (The PI will
confirm on every EKG that the QTc was appropriately measured by the machine and will afterwards
calculate the QTc using Bazett formula if a discrepancy is noted). If ventricular beats are paced or
with an underlying ventricular conduction delay, an increase of over 20% in QTc will be considered
abnormal and cause for reporting.

5. Development of pregnancy

7.0 Concomitant Medications

Patients will be told that “Probenecid may reduce the excretion rate of certain pain
medications”, thus we will warn subjects that there is a possibility of increasing the effects of non-
steroidal anti- inflammatory medications known as NSAIDS and including high dose aspirin (dose over
1600 mg daily). Patient will be advised to let his/her MD know if they are starting or changing the dose
of NSAIDS. A list of medications will be given to the patient to carry.

Patients on the following medications that has potential interaction with probenecid will need to
be reviewed by the study PI prior to enrollment: cephalosporins, quinolones, penicillin’s, methotrexate,
zidovudine, ganciclovir and acyclovir, since the excretion of these drugs is reduced with probenecid. The
excretion of these drugs is reduced due to probenecid. If a patient is started on any of these medications
the physician will be advised that it may increase the patient’s serum level. Patients will be instructed to
inform study staff if any of these medications are prescribed.
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8.0 Blood

Routine blood will be collected which will include biochemistry of renal function, complete blood count,
troponin, and uric acid. Blood will also be collected and stored (coded) from the randomization visit and
final time point for future analysis of novel biomarkers that may further elucidate the mechanism of action
of probenecid. After collection, blood will be processed and stored at each site. The samples will be frozen
at -80°C and stored for up to 5 years. Specimens will be locked in a freezer room at the local site. If patient is
a screen failure the sample will be destroyed. A log of all the specimens will be kept with notation of all
movement (chain of custody) in the Re-Prosper freezer log binder. A Freezer log will also be placed on the
front of the Freezer used to track all movement in and out of freezer. At the end of the study, all stored
samples will be shipped on dry ice via overnight courier to the Cincinnati VA for processing. Sites must
ensure proper labeling, documentation, and chain of custody during shipment in accordance with study
procedures and regulatory requirements. The Cincinnati VA will subsequently process and send aliquots of
the coded samples to Eve Technologies for Human Cytokine/Chemokine Panel A 48-Plex Discovery Assay®
Array (HD48A) testing. Eve Technologies will not have the key linking codes to individual participants. The
remainder of the samples will be re-stored at the same freezer, potentially to be processed for subsequent
analysis pending results of the chemokine panel. A service agreement is in place; therefore, a Material
Transfer Agreement (MTA) is not required.

9.0 Recruitment Methods

We estimated a sample size of 60 per group (120 total patients) which also accounts for 15%
drop out rate for a true sample size of 102 patients.

Screening: We have a HIPAA waiver to screen for potential participants by clinic chart review and
VINCI-DART review of patients with a diagnosis of HF.

1)  In the inpatient setting, we will screen the list of inpatients with HF who could be eligible
for the study. Once eligibility is confirmed through medical record review, we will contact the potential
participant’s inpatient team or the cardiology team to obtain permission to approach these patients.
After which, we will approach the patient while in the hospital with a copy of the informed consent
and/or approved study materials.

2) In the outpatient setting, we will give or mail a recruitment letter from the investigators
followed by a phone call for the study. Once contacted and agreeable, the patient will come for an initial
study visit with the research assistant and informed consent will take place. The patient’s primary care
and cardiology providers may be notified of the patient’s enrollment into the Re-PROSPER study.

Record reviews will be facilitated by the state-of-the-art echocardiogram report and query
system (Philips XCelera®) as well as the nuclear stress test and CMR databases at the VAMCs,
respectively, who will identify patients with decreased EF by cross-referencing with the VA's electronic
medical record system (CPRS) for the HF diagnosis. We will also discuss the protocol with primary care
and cardiology physicians, and they can provide patients with an approved study flyer or brochure which
contains study personnel’s contact information.

For patients who have been screened and are eligible, we want to contact them to tell them
about the study. We do this by mailing materials and calling.
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Mailing Materials

To avoid cold calling we send out letters in an official VA business envelope. Study staff will
wait 7 days before contacting the patient. The letter will not be necessary if the patient has already
spoken with their Cardiologist, Cardiology Nurse Practitioner or Cardiology Physician Assistant about
the research and referred to the study team.

Phone Calls

Before we call the patient, we will:

Check the patient’s eligibility again
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° Check CPRS prior to call to make sure patient is physically and mentally stable ie: hospitalized or

recent personal loss Give time if needed for coping/recuperation.

° Review patient’s clinic schedule to coincide research with these visits. Upon verbal agreement to
meet, send an appointment letter with Date, Time and clinic location. Put the date and info into

the calendar once agreed upon with pati

° Reminder calls the day before the scheduled visit

Message

ent

If the patient does not answer, leave a non-descript message (i.e., with as little personal information as

possible):

Example - Hi, [patient name], this is John Doe calling from the [site] VA. I'm not calling about
anything urgent; | just wanted to chat for a few minutes when you have some time. When you get a
chance, if you could call me at [number], | would greatly appreciate it. Thanks for your time, and I'm

looking forward to speaking with you soon. Take care.

10.0 Informed Consent Procedures

Informed consent will be obtained for participants to participate in the study. All study
personnel will have up to date CITI training and will be trained on obtaining consent at study start up

meetings at each site.

The ICF will be performed in a private room involving a discussion with the study staff, potential
participant, and any other person the participant wished to attend. If requested, the potential
participant will be given more time to take the information home to review and discuss with others

regarding decision to proceed.

The participant’s primary care physician as well as the cardiologist (if applicable) can be notified

of their participation by clinical notation in CPRS.
Patient Payments:

Screening V1

Randomization V2

Follow up V3 (phone visit)
Follow up V4 (phone visit)
Follow up V5 (in-person)
Follow up V6 (phone visit)

Follow up V7 (phone visit)

Follow up V8 or Early
Termination (in-person)

$50.

00

$175.

00

$20.

00

$20.

00

$99.

00

$20.

00

$20.

00

$175.

00
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If visit is completed by phone $35.
00
20.
Phone V9 30-day safety call go
$599.
Total 00

Travel may be reimbursed if the patient requires
commercial transportation up to a maximum for
$50 per trip.
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11.0

Inclusion/Exclusion

Criteria Inclusion:

Subjects must:

1. Have documented heart failure as a treated inpatient or outpatient diagnosis in the medical

record.

Left ventricular ejection £40% .

NYHA class lI-Ill as assessed by site PI.

On stable GDMT for at least 2 weeks (including at least an EBM dose of betablocker and RAAS
inhibition) consistent with the EPHESUS trial criteria [16] or having a documented allergy or
adverse reaction to betablocker and/or RAAS inhibition.

5. Age 18 years or older.

Exclusion:

1. Acute coronary syndrome or cardiac revascularization within the past 3 months.

2. End stage renal disease with renal replacement therapy or creatinine clearance less than 30
ml/min [17].

3. Cardiac resynchronization therapy within the past 3 months.

4. Constrictive pericarditis or restrictive cardiomyopathy on cardiac imaging study (echocardiogram
cardiac MR, cardiac CT) within the last 12 months.

5. Ablation for cardiac arrhythmias within the past month.

6. Peripartum cardiomyopathy diagnosed within past 6 months. If LVEF is still <40% after 6 months
of diagnosis, they can be enrolled into the study.

7. Uncorrected cyanotic congenital heart disease.

8. Severe right-sided valvular disease (pulmonic and tricuspid valves) and/or greater than moderate
left- sided valvular disease (mitral and aortic valves). 9. Terminal illness with expected
survival of less than 12 months.

10. Women who are pregnant, breast feeding, or plan to become pregnant during the study. All
women in childbearing age will undergo baseline and quarterly urine pregnancy tests to ensure
absence of pregnancy since the cardiometabolic assessments will be different during pregnancy.

11. Oral therapy with probenecid for any indication during the preceding 3 months.

12. Hypersensitivity to probenecid based on prior exposure.

13. Inability to provide informed consent or study procedures due to dementia, unstable psychiatric
disease, or other cause (e.g. inability to do perform exercise testing).

14. Acute gout attack within the previous 3 months.

15. History of uric acid kidney stones within the last year. Patient will be removed from the study if
they develop urate kidney stones.

16. History of blood diseases in the past year: Aplastic anemia, Hemolytic anemia, Leukopenia,
Neutropenia, Pancytopenia, Thrombocytopenia or leukemia.

17. Creatinine clearance (eGFR) <30 ml/min.

12.1 Study Evaluations

Outcome Ascertainment. Study outcomes will be assessed at baseline (prior to start of study

medication) and at 6 months.

Primary Outcome: Change from baseline in cardiac function (Specific Aim 1). The main primary

outcome is echocardiogram-derived EF. We will use Definity®) echo contrast if adequate endocardial
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border definition cannot be ascertained for EF calculation in apical 4 and apical 2 using volumetric tracing
analysis and modified Simpson’s. The echosonographers from all sites will follow the same standard study
ECHO procedure to obtain the views. Briefly, standard B-mode images will be obtained from the apical
and parasternal views for LV chamber size and function. From the apical images Simpson’s biplane
method will be used to estimate LV size and LVEF while the parasternal long axis view will be used to
measure fractional shortening. For patients with poor acoustic windows as determined by the site PlI,
standard ECHO contrast (Definity®) will be used to obtain the apical views of the heart. Furthermore,
from the apical 4 chamber view mitral inflow velocities will be obtained to measure peak inflow velocity
(E wave) and tissue Doppler imaging will be used to measure diastolic function independent of loading
conditions. The early diastolic wave (e’) will be used in relation to the E wave (E/e’) as a marker of
diastolic function and loading conditions. We will also measure function via global longitudinal strain,
using a reproducible and objective measure by TomTec® software AutoStrain© function using speckle
tracking of apical long axis views. Longitudinal strain results are visualized and color-coded in individual
clips and combined in a bull’s eye plot. AutoStrain© provide automated and reproducible results. All
studies will be read centrally by a single, blinded, board certified echocardiographer. The digitized images
obtained will be saved only by the study ID (no patient identifiers) and saved on two DVDs. One DVD will
be saved locally and the other DVD will be sent via FEDEX/UPS to the Central Core lab at Providence
VAMC. The ECHO images will be interpreted in a blinded fashion at Providence VAMC under the
supervision of Dr. Tasnim Imran, echocardiography certified cardiologist using the standards as set forth
by the 2015 American Society of Echocardiography Guidelines. Alternative methods are to save the
digitized images to the VA One Drive or site-specific VA SharePoint.

For aim 1 and based on our published preliminary data
(https://doi.org/10.1161/JAHA.117.007148), A sample size of 60 in each group will have 99% power to
detect a difference in means of 7.67 (the difference between a Group 1 mean, W, of 4.67 and a Group 2
mean, W,, of -3) assuming that the common standard deviation is 9.72 using a two group t-test with a 5%
two-sided significance level. Even after accounting for a worse-case attrition rate of 20%, the complete
case analysis of 48 subjects in each group will retain 96.9% power.

Secondary Outcome: Change from baseline in exercise tolerance via a symptom-limited exercise
test on a cycle ergometer (Specific Aim 2). Most patients with HFrEF report reduced functional status
and impaired quality of life. Thus, the importance of improving (and measuring) symptoms and functional
status cannot be overemphasized. We will perform a maximal bicycle exercise stress test (BEST) on a cycle
ergometer with a constant increase in workload in increments at 1-minute intervals (adapted from JACC
17(6):p1334) to adapt to patients with low functional capacity as previously described and with all the
standard precautions.

At the end of the test, the cycle ergometer will provide the total workload in Watts (W), which
will be converted to Metabolic Equivalents (METS) using standard American College of Sports Medicine
formula for leg ergonometry (American College of Sports Medicine. ACSM’s Guidelines for Exercise
Testing and Prescription): METS* = [(1.8*Watts*6 / Weight in Kg of the subject) +7]/3.5formula and
compared to baseline. Since the purpose of the test is to obtain a measure of the maximal functional
capacity as opposed to maximal heart rate response, patients will be instructed to continue on all their
cardiac medications, specifically their beta-blockers and ACE-Inhibitors or angiotensin receptor blockers.

For patients with diabetes, short acting sugar sources will be available and will ensure appropriate
meal was consumed. We will have a glucometer and strip available for finger stick. Ingestible water will
be available for adequate hydration. Will instruct patient to bring in their glucometers so they can test
their fingerstick glucose levels before and after test.
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Type of Minimal Glycemia prior to Minimal Glycemia Post-

Treatment for start exercise stress test exercise test prior to
Diabetes discharge home

Insulin use or oral agents 2100 mg/dL 290 mg/dL
that increase insulin

secretion (e.g.

sulfonylureas)

Other oral agents 2100 mg/dL 280 mg/dL

Diet-controlled or 270 mg/dL 270 mg/dL
metformin

Exercise testing will follow the standards set forth by 2013 AHA Guidelines (Circulation 2013;128:873-
974).

ABSOLUTE Contraindications

e Acute myocardial infarction (Ml), within 2 weeks

@ Ongoing unstable angina

@ Uncontrolled cardiac arrhythmia with hemodynamic compromise
e Active endocarditis

® Symptomatic severe aortic stenosis

® Decompensated heart failure

@ Acute pulmonary embolism, pulmonary infarction, or deep vein thrombosis
e Acute myocarditis or pericarditis

@ Acute aortic dissection

@ Physical disability that precludes safe and adequate testing

The stress testing RN or MD examines the patient for the above. If these situations are identified, the PI
or licensed provider designee is contacted in place of performing the test.

Relative Contraindications (requires approval by study PI or licensed provider designee)
eKnown obstructive left main coronary artery stenosis

® Moderate to severe aortic stenosis with uncertain relation to symptoms

@ Tachyarrhythmias with uncontrolled ventricular rates >=110 beats per minute at rest
eAcquired advanced or complete heart block (2™ degree AV block Mobitz 2 or greater)
eHypertrophic obstructive cardiomyopathy with severe resting gradient

®Recent stroke or transient ischemic attack within 2 weeks

® Mental impairment with limited ability to cooperate

®Resting hypertension with systolic or diastolic blood pressures >200/110 mm Hg
eUncorrected medical conditions, such as significant anemia, important electrolyte imbalance,
and hyperthyroidism
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Briefly:

1. Have the patient sit on the exercise bike - start at 0 watts.

2. Have patient start unloaded pedaling at 60-80 RPM and adjust bike seat and pedals as necessary.
3. Push the start exercise button once the patient is comfortable biking

4, The cycle’s resistance (wattage) will start at 0 watts and will increase to 10 watts at the 1-minute

mark and will increase in a ramping up manner by 10 watts per minute.

5. A blood pressure and an ECG tracing will be obtained every two minutes

6. Every 2 minutes, the patient should be asked to point to record his/her level of dyspnea and
fatigue on chart

7. The active exercise portion of the test will be complete when the patient cannot continue to
pedal, needs to stop for another reason, or an indication for early test termination is met.

8. Following completion of the exercise portion, there will be an approximately two-minute cool-
down period - and all monitoring will continue throughout this period.

9. The patient will then come off the cycle and sit in a chair to continue recovery.

The subject will be told that the risks of BEST include the development of any of the following:
(1) chest pain, (2) intolerable dyspnea, (3) leg and back pain, (4) staggering and dizziness, (5) diaphoresis,
(6) pale or ashen appearance, (7) falls and, (8) hypoglycemia.

Glucose tablets or a sugared beverage will be available if blood sugar drops below 70 mg/dL or if
the patient is symptomatic at any point.

At the end of the test, the cycle ergometer will provide the total workload in Watts (W), which
will be converted to Metabolic Equivalents (METS) using standard American College of Sports Medicine
formula for leg ergonometry:

METS™ = [(1.8*Watts*6 / Weight in Kg of the subject) +7]/3.5
*American College of Sports Medicine. ACSM’s Guidelines for Exercise Testing and Prescription.

For aim 2, our published preliminary data (https://doi.org/10.1161/JAHA.117.007148) based on
6- minute walk test was converted to METs using the American College of Sports Medicine conversion
table (attached reference) to estimate the power for the outcome of aim 2, which is METs measured by
exercise bike test. 6 minute walk test improved 21.1 +/- 24.9 feet (equivalent to 1.03 +/- 1.04 METs) in the
probenecid arm vs -22.7 +/- 24.9 feet (equivalent to -1.03 +/- 1.04 METs) in the placebo arm. So, a sample
size of 60 in each group will have >99% power to detect a difference in means of 2.06 (the difference
between a Group 1 mean, W, of 1.03 and a Group 2 mean, [,, of -1.03) assuming that the common
standard deviation is 1.04 using a two group t-test with a 5% two-sided significance level. The power
remains >99% after accounting for the worse-case attrition rate of 20%.

Tertiary Outcome: Change from baseline in The Kansas City Cardiomyopathy Questionnaire
(KCCQ) and EQ5D (Specific Aim 3). The KCCQ & EQ5D will be completed before any procedures or tests (if
needed will provide the appropriate translated versions or will be read to the patients by the staff). The
Kansas City Cardiomyopathy Questionnaire (KCCQ) (Appendix) is a 23 item instrument validated in stable
and decompensated HF patients with HFpEF and HFrEF. The questionnaire takes 4-6 minutes to complete
and reflects disease-specific health status over the prior two weeks. The domains of KCCQ are physical
limitation, symptoms, self-efficacy, social limitation, and quality of life. The domains of the KCCQ have a
high internal consistency with a Cronbach’s alpha of 0.95 for the Overall Summary Score and 20.62 for all
individual scales. The KCCQ has a significantly higher responsiveness to changes in health status than the
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Minnesota Living with Heart Failure Questionnaire and the SF-36 for HF [34]. The overall summary score
is 0-100 where a higher score is better. The minimal clinically important change in survey score is 5 points,
with a 10- and 20-point change reflecting moderate and large clinical changes, respectively [18].

Overall health status (EQ5D) (Appendix) is a well-known generic measure of health status. It has
5 questions that address five dimensions (mobility, self-care, usual activities, pain/discomfort, anxiety or
depression) with five levels ranging from ‘no problems’ to ‘extreme problems’ each [19]. Each health
state (up to 3125) has a corresponding value reflecting references of the general population in various
countries. Thus, the EQ5D can be summarized into an index value (utility) from 1 (full health) to 0 (dead)
that can be used to calculate quality-adjusted-life-years in cost-utility analyses. The instrument takes only
a few minutes to complete and is undemanding for self-completion. The EQ5D also contains a self-rated
20 cm visual analogue scale (EQ-VAS) ranging from ‘best health you can imagine (100)’ to ‘worst health
you can imagine (0).’ The EQ5D has moderate-strong convergent validity in relation to other measures of
health- related quality of life as well as discriminative validity to detect clinical changes.
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13.1

Study Procedures
Monthl 30- d fet
onthly Visit 5 ay. satety
. . Phone . - call
Screening Baseline V3467 (28 days | V8 Final Visit or ET
V1 V2 P +/-3 (28 days +/- 3 days)
(28 days days) (+/- 3 days)
Data Collection Schedule +/-3 days)
Complete screening X
Form/consent
X
Echocardiogram X (Repeat if >3 X
months from V1)
EKG X X X X
Biochemistry of renal X
function, (Repeat if >30
Complete blood count, X days from V1) X X
troponin
(non-fasting)
Pregnancy testing for pre- X X X
menopausal women
Specimen for testing X X
Demographics & Medical
history, Charlson co- X
morbidity index
Complete concomitant X X X X X
medication list (ET phone)
Review complete cardiac X
.. R X X X X
medication list (ET phone)
Review contraindicated meds X X X X X
Assessment of weight,
. . X X X X
vital signs
Once resulted: Pl
confirms screen pass/fail X
signs screening form
X
Uric acid X (Repeat if >30 X
days from V1)
Randomize X
Distribution of study
medication X X
Exercise stress test X X
KCCQ & EQ5D X X
(ET phone)
Assessment of study med X X X
compliance (ET phone)
Interim hospitalizations, ER
visits, adverse events, side X X X X X X
effects of study med (ET phone)
(including hypoglycemia)
Study payment $50 $175 $20/mo $99 $175 $20

VA Central IRB
Effective Date: December 18, 2025




Page 18 of 24

Amt per visit to subject | | | | | $35 ET phone |
* KCCQ, EQ5D and EKG must be completed by patient PRIOR to Exercise Stress Testing
* Missed visits: complete phone visit and mail study medication per research pharmacy.

* Early termination: request patient to come in to complete a final visit (V8). If patient cannot come
in for a final visit, then a final phone visit can be completed.

*Local COVID 19 protocols will be followed throughout the study.

Withdrawal of Subjects

Participation in this research is voluntary. Patients do not have to take part in this study if they
don’t want to and they may quit at any time by telling a member of the study staff. Their decision not to
participate or to withdraw will have no effect on their usual treatment or on their rights to any benefits
that they are entitled to. The investigators may withdraw patients from the study at any time if they
decide that it is not in the best interest of the patient’s health or the best interest of the study for the
patient to continue, or if the patients can not follow the study procedures.

Study Close Out Procedures

All stored samples will be shipped and analyzed at the Cincinnati VA Medical Center.

The unmasking of treatment assignment will occur after the study database is locked. Participants may be
mailed a cIRB approved letter informing them of their treatment assignment (e.g., study drug, or placebo).

All study-related records including signed informed consent forms and source documentation will be
archived and retained according to local policy.
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14.0  Data Analysis

Our expected outcome is the mean difference in improvement in LVEF from baseline for
probenecid versus placebo (aim 1). Based on our recently published data of fractional shortening, now
converted to LVEF, LVEF had increased significantly (4.67 + 1.95%) on probenecid compared with placebo
(-3.0 £ 1.95%, P=0.009) after 1 week of medication. Thus, with a 2-sided a=0.05 with >95% power, we
estimated a sample size of 60 per group (120 total patients) which also accounts for 15% drop out rate
for a true sample size of 102 patients. The same sample will also provide us with >95% power in
detecting a difference between the means of 43 + 25 feet between the two groups (aim 2). We did not
calculate the sample size for our exploratory aim 3 because the effect sizes of these innovative outcomes
were not available yet prior to our proposed study. The extra sample size will also allow us to potentially
detect a significant difference in health status by KCCQ and EQ5D (aim 3). It would also allow us to track
event rates between the two groups to power for a larger phase 3 trial aiming at clinical events.

The primary analysis will be performed from an intention to treat principle, and the secondary
analysis will include as-treated analysis and sensitivity assessment. Descriptive statistics (mean, standard
deviation, median, inter-quartile range, and frequency distribution) will be calculated to summarize
participants’ baseline demographic and medical history, medication and functional status information
including medication list (specifically, ACEIl, or ARB or ARNI and beta-blocker use) and anthropometric
measures, such as blood pressure and the study outcomes according to randomized intervention
sequences. We will also use these statistics to assess if there are site differences or site-treatment
interactions. We will compare baseline characteristics to assess whether a balanced randomization is
accomplished at baseline using t or nonparametric (Wilcoxon’s) tests, and chi-square tests whenever
each test’s distribution assumption is appropriate. Log-transformation of variables and outcomes of
interest will be performed to approximate normality when appropriate. We will also use these tests to
compare participants’ renal chemistry values at study end to assess if these covariates changed over the
course of the study. If these factors differ, we will adjust for their potential effects by including them as
covariates in the analysis. If significant changes from baseline do differ in any of the GDMT for HFrEF or if
a bi- ventricular pacer device was placed during the treatment period, we will perform interaction and
sensitivity analyses based on device and duration and daily dose of GDMT (and its equivalent) to provide
insight into heterogeneity of findings if any.

We will perform an interim analysis at 50% of recruitment target. The study will proceed as
planned unless the difference in the absolute rate of adverse events between the two study arms are
greater 20%, at which case the study will be halted and a balance of the risk vs benefit ratio of
completing the study will be discussed with the DMC. We will perform blinded sample size re-estimation
(Gould 2001) during our interim analysis.

Primary outcome: change from baseline in cardiac function:

H1: Patients with HFrEF and LVEF<40% treated with 1 gr orally twice daily with probenecid will
have a _higher increase LVEF from baseline compared to those treated with placebo after 180 days of
treatment.

For the intention-to-treat analysis, we will use t statistics and normal approximation to assess the
significance of the randomization effects. To adjust for potential imbalance of baseline characteristics,
linear regression modeling with sites as a strata factor will be utilized, where the response variable is
change from baseline in EF, main effect will be randomization (probenecid or placebo), and covariates

VA Central IRB
Effective Date: December 18, 2025




Page 20 of 24

will be baseline EF and imbalanced covariates at baseline identified in the descriptive analyses between
the study arms. Residual diagnostic and influence analysis will be conducted to examine model fitting,
assumptions, and assess outlier observations. As a secondary analysis for assessing compliance and/or
cross-over effects, as-treated analysis (accounting for pill count results will also be carried out using the
same modeling approach, and balance of covariates at the baseline will be assessed.

Secondary outcome: Change from baseline in exercise tolerance via a symptom-limited exercise test
on a cycle ergometer:

H2: Patients with HFrEF and LVEF<40% treated with 1 gr orally twice daily with probenecid will
have a higher increase in the exercise tolerance from baseline compared to those treated with placebo
after 180 days of treatment.

The analytic plan will mirror those described for primary outcome. For the intention-to-treat
analysis, we will use t statistics and normal approximation to assess the significance of the
randomization effects. To adjust for potential imbalance of baseline characteristics, linear regression
modeling with the site strata will be utilized, where the response variable is change from baseline in
timed exercise tolerance, main effect will be randomization (probenecid or placebo), and covariates will
be baseline exercise tolerance and imbalanced covariates identified in the descriptive analyses between
the study arms. As- treated analysis will also be carried out and propensity score matching will be used
to remediate imbalance in covariates if applicable.

Tertiary outcome: Change from baseline in KCCQ Overall Summary Score and EQ5D:

H3a: with HFrEF and LVEF<40% treated with 1 gr orally twice daily with probenecid will have a
higher improvement in self-report heart failure specific health status as measured by Kansas City
Cardiomyopathy Questionnaire (KCCQ) from baseline compared to those treated with placebo after 180
days of treatment.

H3b: with HFrEF and LVEF<40% treated with 1 gr orally twice daily with probenecid will have a
higher improvement in EQ5D from baseline compared to those treated with placebo after 180 days of
treatment.

The analytic plan will mirror those described for Primary outcome described above, first with
change from baseline in KCCQ Overall Summary Score to test H3a, followed by change from baseline in
EQS5D to test H3b.

Subgroup analysis. We will study predefined groups between baseline uric acid levels by above and
below the median uric acid levels at baseline and between ischemic and non-ischemic (as defined by
prior evidence of obstructive CAD including prior myocardial infarction)

Missing Data Issues. Since these are primary data collected as part of a clinical trial, we do not
anticipate significant missing data. We will not include any observations that are missing the
prespecified study outcome.

In our intention-to-treat analyses, we will employ complete case analysis as the primary method
for handling missing data (Bell, Fiero et al. 2014). To characterize dropouts and missing data, we will
compare characteristics between drop-outs and those who complete trials. For sensitivity analysis, we
will employ multiple imputations and conduct analyses both with and without multiple imputations.

VA Central IRB
Effective Date: December 18, 2025




Page 21 of 24

15.0 Reporting

Adverse events will be reported to the VA Central IRB in accordance with VA Directive 1058.01

and the VA CIRB Table of Reporting Requirements.

With this population of recently hospitalized patients with HF with high morbidity and mortality,
we expect the following adverse events during the study period which will be reported as outcomes.

Expected adverse event Maximal expected frequency during
study period

1. Death <20%

2. Hospitalizations and prolongation of a <60%
hospitalization- cardiac and
noncardiac

3. Persistent or significant disability or incapacity <20%

4. Electrolyte abnormalities - Worsening renal function, <50%
Hyper and hypokalemia

5. Symptomatic hypotension <50%

6. Arrhythmias - Atrial and ventricular, defibrillator shocks <50%

7. Emotional discomfort related to participation <10%

8. Blood draw associated discomfort, bleeding, syncope <5%

9. Loss of confidentiality related to participation <5%

The DMC was provided by CSR&D to ensure independent oversight of the safety and integrity of
the project. The DMC provides an ongoing independent evaluation of this study focused on safety and
feasibility, including participant accrual and retention, adverse events monitoring, and data analyses. We
will provide the requisite information to the DMC for meetings that are to be held a few times per year
at which recommendations will be made to the Director of CSR&D for endorsement. These
recommendations will range from approval to continue (unconditionally or with conditions to be
addressed) to probation or possibly termination if there are problems with enrollment or safety

concerns.

SAEs and unanticipated problems (UPs) will be reported to the DMC.

SAEs will be reported within 72 hours (three workdays) after the time the study staff becomes aware.

UPs will be reported within five working days of the time the study staff becomes aware.

The following parameters will be reported to the DMC within 3 days:

1. Creatinine clearance (eGFR) <30 ml/min (as calculated with the CKD-EPI Creatinine Equation)

2. HRover 120 BPM

3. Systolic blood pressure lower than 90 mm HG
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4, QTc > 500 msec in non-paced ventricular beats with normal conduction (The Pl will confirm on
every EKG that the QTc was appropriately measured by the machine and will afterwards calculate
the QTc using Bazett formula if a discrepancy is noted). If ventricular beats are paced or with an
underlying ventricular conduction delay, an increase of over 20% in QTc will be considered
abnormal and cause for reporting.

5. Development of pregnancy

16.0 Privacy and Confidentiality

Any information obtained about the patient in this study will be treated as confidential and will
be safeguarded in accordance with the Privacy Act of 1974. All the information we get will be identified
only by a code number and the key safeguarded in a password protected computer at each site. All
paper files will be locked in a cabinet that only the principal investigator and his research team have
access to. Information published or presented about this study will be in a form that does not identify
the patient. The key matching the patient with the code will be saved into a password-protected file,
separate from the rest of the data files, inside secured VA servers, and only the PI's and the study
coordinators have access to. All study sites will establish a secured share point within the VA fire wall to
facilitate entering and monitoring of the data to avoid data breaches in electronic transfers. Biological
specimens will be coded and stored, as described above. If needed, specimen data/shipping will be done
through a certified carrier such as UPS or Fed Ex. For all mail sent to participants or potential
participants, there is no study-specific information on the envelope’s exterior that could potentially link
the Veteran participant to the individual research project.

17.0 Communication Plan

Leadership plan

Dr. Rubinstein will serve as the contact Pl and will assume fiscal and administrative responsibility
and will take responsibility for the communication with the VA CSRD, DMC and cIRB and for submission
of periodical reports.

Dr. Wu's site will be the data coordinating site and will oversee the data management, review of
source documents and ICFs and statistical analysis for the study as well as serving as the core
echocardiography interpretation lab.

All PIs will have ultimate responsibility for the successful conduct of the study including data
management, statistical analysis, and manuscript preparation as well as IRB approvals, patient safety and
recruitment efforts.

Communication Plans

All PIs and study coordinators will have a conference call twice per month for at least the first six
months.

The Pls and their local teams will meet weekly in person to discuss the status of their sites in the
execution of the project.

There will be monthly conference calls of all study investigators to discuss study progress and
obstacles.

There will be yearly site visits for face-to-face discussions, on a yearly basis that will include
mutual site monitoring and auditing of study procedures.
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Intellectual Property

The proposed compound (probenecid) to be studied is a generic drug that will be administered
orally in FDA approved doses (The proposed dose is consistent with FDA approval, including IND waiver,
and has been shown to be well tolerated). Thus, no potential intellectual property will be obtained from

this study.

Conflict Resolution

While disagreements in aspects of the study may arise, as they invariably occur when working in
teams, we expect them to be minor. We have assembled a team of highly collaborative and experienced
investigators who are experienced in working in multidisciplinary teams. All study issues will be
discussed at the proposed team meetings, and emphasis is on a high level of communication between
study members. If the conflicts cannot be resolved in the team meetings, Dr. Rubinstein as the contact PI
will have the final authority on the direction of the study.
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