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Aim Inhibition of microRNA (miR)-132 effectively prevents and reverses adverse cardiac remodelling, making it an
attractive heart failure (HF) target. CDR132L, a synthetic antisense oligonucleotide selectively blocking pathologically
elevated miR-132, demonstrated beneficial effects on left ventricular (LV) structure and function in relevant preclinical
models, and was safe and well tolerated in a Phase 1b study in stable chronic HF patients. Patients with acute
myocardial infarction (MI) and subsequent LV dysfunction and remodelling have limited therapeutic options, and may
profit from early CDR132L treatment.
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Methods The HF-REVERT (Phase 2, multicenter, randomized, parallel, 3-arm, placebo-controlled Study to Assess Efficacy and
Safety of CDR132L in Patients with Reduced Left Ventricular Ejection Fraction after Myocardial Infarction) evaluates
the efficacy and safety of CDR132L in HF patients post-acute MI (n= 280), comparing the effect of 5 and 10 mg/kg
CDR132L, administered as three single intravenous doses 28 days apart, in addition to standard of care. Key inclusion
criteria are the diagnosis of acute MI, the development of systolic dysfunction (LV ejection fraction≤45%) and elevated
N-terminal pro-B-type natriuretic peptide. The study consists of a 6-month double-blinded treatment period with the
primary endpoint LV end-systolic volume index and relevant secondary endpoints, followed by a 6-month open-label
observation period.
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Conclusion The HF-REVERT trial may underpin the concept of miR-132 inhibition to prevent or reverse cardiac remodelling in
post-MI HF. The results will inform the design of subsequent outcome trials to test CDR132L in HF.
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Graphical Abstract
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LVESVI

Outcomes
Primary Endpoint Secondary Endpoints

Exploratory endpoints

� CV mortality
� Hospitalization
� NYHA class change

� ECG parameters
� ECHO parameters
� Efficacy biomarkers 

HF-REVERT: Efficacy and Safety of CDR132L in post-MI HFrEF Patients

Biomarker 
• NT-proBNP

Safety

Cardiac Function
• Echocardiography
• PROM

Study design and intended outcomes of the HF-REVERT study with CDR132L, a synthetic antisense oligonucleotide inhibitor selectively targeting
microRNA-132, in patients with reduced left ventricular ejection fraction (LVEF) after myocardial infarction (MI). AMI, acute myocardial infarction;
CV, cardiovascular; ECG, electrocardiogram; ECHO, echocardiography; HFrEF, heart failure with reduced ejection fraction; IV, intravenous; LVESVI,
left ventricular end-systolic volume index; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; PROM,
patient-reported outcome measure; RCT, randomized clinical trial.
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Keywords Phase 2 trial design • CDR132L • Post-myocardial infarction heart failure • Contractile
function • Cardiac remodelling • microRNAs

Introduction
Despite proven efficacy of pharmacotherapies, heart failure (HF)
is still a growing pandemic with an estimated prevalence of 64.34
million cases, contributing to 9.91 million years lost to disability.1

Patients with acute myocardial infarction (MI) are at high risk
for both developing early and progressive HF or cardiac death,
particularly if the acute MI is complicated by left ventricular (LV)
systolic dysfunction.2–4 HF complicating MI is common and is a
powerful predictor of death.5,6 The incidence of early HF among
patients hospitalized for MI varies between 14% and 36%.4,7 In
a recent retrospective analysis (RECORD-MI) of patients with
acute MI, 31.3% of patients with no prior history of HF developed
new-onset HF during the hospitalization (1578 out of 5047), and
the 1-year mortality rate for those were 11%, while only 5% for
those who did not develop HF.8

The characteristic common pathological feature of HF after MI
is adverse structural LV remodelling,9 in response to mechanical
stress and neurohormonal activation that was initially considered
irreversible. Cardiac reverse remodelling, a process by which the
failing myocardium normalizes chamber geometry and function
with correction of molecular and transcriptional abnormalities,
may be achieved secondarily to some degree by guideline-directed
medical therapy (GDMT).10 However, we still lack therapies with
proven long-term efficacy in patients with HF following acute MI ..
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. that primarily directly affect cardiac tissue and thereby reversing
adverse remodelling.

In the PARADISE-MI trial,11 the angiotensin receptor–neprilysin
inhibitor sacubitril/valsartan missed its primary endpoint to reduce
the risk of cardiovascular death and HF hospitalizations after an
acute MI. Similarly, the brain aminopeptidase A inhibitor firibastat
in post-MI HF patients failed to show efficacy in a recent Phase
2 trial.12 In another small Phase 2 trial, the sodium–glucose
cotransporter 2 (SGLT2) inhibitor empagliflozin given in addition
to GDMT post-MI resulted in a significant N-terminal pro-B-type
natriuretic peptide (NT-proBNP) reduction over placebo.13 Cur-
rently, two large ongoing trials, DAPA-MI14 and EMPACT-MI,15

have been testing whether dapagliflozin and empagliflozin, respec-
tively, can lower the risk for HF hospitalization and death in
patients with cardiac dysfunction after MI. The DAPA-MI trial,
a large international registry-based, randomized, double-blind
trial, enrolling 4017 patients without prior diabetes or chronic
HF, presenting with acute MI and impaired LV systolic function,
found no impact on the composite of cardiovascular death and/or
hospitalization for HF in patients with acute MI, after approxi-
mately 1 year of treatment with dapagliflozin compared to placebo.
However, there were significant benefits with regard to improve-
ment in cardiometabolic outcomes (which were mainly driven by
weight loss).16

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Design of the Phase 2 HF-REVERT trial 3

Figure 1 CDR132L’s mode of action. In response to pathophysiological stress such as myocardial infarction or excessive mechanical load,
expression of miR-132 is increased imbalancing cellular signalling and provoking detrimental morphological changes that impair cardiac function.
Treatment with the antisense oligonucleotide inhibitor CDR132L has the potential to halt and reverse adverse remodelling by blocking and
inactivating excessive miR-132 that reduces pathological hypertrophic cardiomyocyte growth, cardiac fibrosis, capillary rarefaction, and finally
improves systolic and diastolic function of the heart.

Overexpression of microRNA-132-3p (miR-132) in cardiac
cells is causally related to cardiac remodelling and HF progression.
miR-132 is a central switch in cardiac cells affecting the expression
of its molecular targets, such as by inhibition of transcription fac-
tors (e.g. the regulator of anti-hypertrophic FoxO3) and of calcium
handling genes (e.g. calcium transporter and ATPase SERCA2A),
along with the activation of the calcineurin/NFAT signalling path-
way, all of which are crucially involved in maladaptive cardiac
remodelling, transformation, and pathological cardiac growth
(hypertrophy), contributing to adverse cardiac remodelling and
HF.17–20 Thus, blocking pathologically elevated miR-132 expression
is suited to reverse ischaemic and non-ischaemic adverse cardiac
remodelling and to restore normal cellular functions, contributing
to improved cardiac performance in HF patients (Figure 1).

RNA therapeutics have become an attractive pharmacological
approach modulating novel targets, including non-coding RNAs
such as microRNA. Several antisense oligonucleotide (ASO) based
microRNA inhibitors successfully reached early clinical develop-
ment underscoring the robustness of this rechnology.21 CDR132L
is a synthetic ASO selectively blocking miR-132.18 Inhibition of
miR-132 effectively prevents and reverses HF in large animal mod-
els, and translational in vitro and in vivo studies have demonstrated
meaningful efficacy of CDR132L in HF.17–20 Several completed
pre-clinical large animal studies assessing pharmacodynamics
revealed that CDR132L treatment significantly improves both
systolic and diastolic cardiac function and reverses adverse cardiac
remodelling in both ischaemic (post-MI HF) and non-ischaemic
models of HF.17–20 CDR132L was well tolerated throughout
pre-clinical models. Non-clinical pharmacokinetic (PK), safety ..
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.. pharmacology and toxicology studies of CDR132L have demon-
strated that monthly dosages up to 10 mg/kg provides sufficient
tissue exposure and the safety profile is adequate to progress with
clinical development. A recent first-in-human study in 28 patients
with stable HF (New York Heart Association [NYHA] class I to III)
of ischaemic origin reported CDR132L to be safe and well toler-
ated.22 The study determined the effects of four dose levels: 0.32,
1, 3, and 10 mg/kg of CDR132L administered intravenously (IV) on
days 1 and 28 as an add-on to standard of care (SoC). Importantly,
in that study first hints of efficacy could be demonstrated such
as reductions in NT-proBNP plasma levels in the higher dose
groups. Some pharmacodynamic (PD) evaluation revealed first
trends of efficacy in HF relevant parameters (e.g. LVEF, HF-related
biomarkers) supporting further clinical assessment of CDR132L
in various HF conditions.

The potential mechanistic effects of miR-132 inhibition by
CDR132L may be particularly beneficial in acute MI patients with
myocardial dysfunction, potentially reversing adverse remodelling
(Figure 1), based on the convincing non-clinical efficacy data in acute
and chronic post-MI large animal HF models.17,18 MI patients pre-
senting early systolic dysfunction have been relatively understudied
and therapeutic options are limited. The HF-REVERT (Phase 2,
multicenter, randomized, parallel, 3-arm, placebo-controlled Study
to Assess Efficacy and Safety of CDR132L in Patients with Reduced
Left Ventricular Ejection Fraction After Myocardial Infarction) is a
proof-of-concept study and will evaluate the efficacy of CDR132L
in improving cardiac function and safety in patients with reduced
LVEF (≤45%) for 12 months post-MI. Herein, we describe the
design of the HF-REVERT trial.

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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4 J. Bauersachs et al.

Trial design and methods
HF-REVERT is an international, multicentre, Phase 2, randomized,
double-blind, placebo-controlled trial. This Phase 2 study aims to assess
the efficacy and safety of CDR132L at 5 mg/kg and 10 mg/kg, given
as three single IV doses administered 28 days apart as an add-on to
SoC therapy, in a larger cohort of patients (n= 280) with HF and an
LVEF ≤45% after MI with a follow-up of 12 months. The trial has been
registered on ClinicalTrials.gov: NCT05350969,23 and independent
ethics committees approved the clinical protocol at each participating
centre. The trial is conducted in accordance with the principles of
the Declaration of Helsinki and the International Conference on
Harmonization Good Clinical Practice guidelines. All patients provide
written informed consent before study entry. The study design and key
outcomes are summarized in the Graphical Abstract and Table 1.

Patients
The eligibility criteria for HF-REVERT are summarized in Table 2.
Briefly, key inclusion criteria are spontaneous acute MI (diagnosis
within 14 days before randomization) and the development of systolic
dysfunction (LVEF ≤45%) after ST-elevation MI (STEMI) diagnosis,
or patients with non-STEMI (NSTEMI) with evidence of significant ..
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.. myocardial necrosis (elevated troponin T or I). Elevated NT-proBNP

level is an additional eligibility requirement (NT-proBNP ≥125 pg/ml
and <8000 pg/ml). Patients, both, male and female of non-child bearing
potential, required to be aged ≥30 to ≤80 years.

Key exclusion criteria are patients with HF of non-ischaemic origin,
e.g. myocarditis, alcoholic cardiomyopathy, patients with history of
decompensated HF, NYHA class IV, severe valvular heart disease or
a history of LVEF <30% within 6 months prior to the index event or
any clinically significant abnormalities in the electrocardiogram (ECG).
Also, patients with systolic hypo- or hypertension, patients with an
estimated glomerular filtration rate <30 ml/min/1.73 m2 or on dialysis,
patients with impaired liver function or hepatic insufficiency, or patients
with medical history of bleeding disorders or thrombocytopenia.

It is planned that patients will be recruited from approximately 80
sites in seven European countries and in the UK. The first patient was
enrolled on 11 July 2022.

Study design
This study consists of a 6-month double-blind treatment period
followed by a 6-month open-label period. Suitable patients will be
screened to determine eligibility at least 3–14 days after MI diagnosis.

Table 1 HF-REVERT trial summary

Trial design This is a Phase 2, multicentre, randomized, parallel, three-arm, placebo-controlled study in patients with reduced
LVEF (≤45%) post-MI treated testing two doses of CDR132L against placebo in addition to standard of care:

• CDR132L 10 mg/kg body weight IV in single dose on day 1, day 29 and day 57
• CDR132L 5 mg/kg body weight IV in single dose on day 1, day 29 and day 57
• Placebo IV in single dose on day 1, day 29 and day 57

Enrols 280 randomized patients at up to 80 sites in Europe and UK

This study comprises a screening period (to occur at least 3 days after MI diagnosis), a 6-month double-blind
period, and a 6-month extension period with the EOS visit at day 360/month 12

Objective To test the safety and efficacy of CDR132L, a synthetic ASO and selective inhibitor of miR-132, in post-MI HFrEF
patients

Hypothesis Repeated CDR132L treatment of post-MI HFrEF patients will be safe and effective

Primary endpoint Efficacy:

• LVESVI measured by echocardiography, change between baseline and month 6
Secondary endpoints Safety:

• Clinical laboratory assessment, vital signs, physical examination, and ECGs
Efficacy:

• NT-proBNP
• Echocardiographic parameters
• Patient-reported outcomes (KCCQ)

Changes between baseline and month 6

Exploratory endpoints
• Cardiovascular mortality
• Hospitalization
• Change in NYHA class
• ECG parameters
• Echocardiography parameters
• Pharmacodynamic and target engagement biomarkers

ASO, antisense oligonucleotide; ECG, electrocardiogram; EOS, end of study; HFrEF, heart failure with reduced ejection fraction; HF-REVERT, Study to Assess Efficacy and
Safety of CDR132L in Patients with Reduced Left Ventricular Ejection Fraction after Myocardial Infarction; IV, intravenous; KCCQ, Kansas City Cardiomyopathy Questionnaire;
LVEF, left ventricular ejection fraction; LVESVI, left ventricular end-systolic volume index; MI, myocardial infarction; NT-proBNP, N-terminal pro-B-type natriuretic peptide;
NYHA, New York Heart Association.

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Design of the Phase 2 HF-REVERT trial 5

Table 2 Inclusion and exclusion criteria of the HF-REVERT study

Inclusion criteria • Male or female patients between ≥30 to ≤80 years at the date of signing informed consent

• Spontaneous acute MI (AMI type I, STEMI, or NSTEMI) based on the universal MI definition with randomization to
occur no later than 14 days after index event diagnosis

• LVEF ≤45% as measured by echocardiography after MI diagnosis

• Body weight of ≤120 kg

• NT-proBNP level ≥125 pg/ml and <8000 pg/ml at screening
Exclusion criteria

• Women of childbearing potential

• HF patient of non-ischaemic origin; e.g. myocarditis, alcoholic cardiomyopathy

• History of decompensated HF or a history of LVEF <30% within 6 months prior to the screening period

• NYHA class IV at screening or randomization

• Planned cardiac intervention (angiogram without angioplasty is acceptable) or any other planned surgery after the
screening period

• Severe valvular heart disease

• Systolic BP <90 mmHg or >180 mmHg, diastolic BP <50 mmHg or >110 mmHg, and/or heart rate <50 or >100
bpm at screening or randomization

• Estimated glomerular filtration rate <30 ml/min/1.73 m2 or on dialysis

• Hepatic insufficiency classified as Child–Pugh B or C

• Known active human immunodeficiency virus, hepatitis B, or hepatitis C infection at screening

• Impaired hepatic function defined by a total bilirubin level of ≥2 x the ULN and ALT levels ≥3 x ULN

• Medical history of disease(s) affecting the blood–brain barrier, e.g. stroke within 6 months or multiple sclerosis

• Medical history of bleeding disorders or has thrombocytopenia (platelets <100 000/μl)

• Poorly controlled diabetes as determined by the investigator

• Patient is currently on treatment for epilepsy

• Current or relevant history of physical or psychiatric illness that is/are not stable or may require a change in
treatment, use of prohibited therapies during the study, or cause the patient to be unlikely to fully comply with the
requirements of the study or complete the study, or any condition that presents undue risk from the study drug or
study procedures

• History or presence of any of the following cardiac conditions: known structural cardiac abnormalities beyond HF,
family history of long QT syndrome, cardiac syncope, or recurrent, idiopathic syncope

• Any clinically significant abnormalities, at the discretion of the investigator, in rhythm, conduction, or morphology of
resting ECG that pose an additional safety risk to patients

• Active SARS-CoV-2 infection confirmed as per the local testing guidelines at screening

• Patient has other significant disease or disorder which, in the opinion of the investigator, may put the patient at risk
because of participation in the study or may influence the result of the study or the patient’s ability to participate in
the study

• Patients received an investigational product or treated with an investigational device within 90 days prior to first
study drug administration

• Patient has known or suspected intolerance or hypersensitivity to the study drug, any closely related compound, or
any of the stated ingredients

• Patient is not to be enrolled into the study if they received any prohibited therapy within 3 months of screening
(including anticancer therapy [chemo-, immune-, radio-, targeted, or gene therapy] and any other investigational
agents)

• Patient is involved in the planning and/or conduct of the study (applies to sponsor staff, staff at the study site, and
third-party vendors)

AMI, acute myocardial infarction; ALT, alanine aminotransferase; BP, blood pressure; ECG, electrocardiogram; HF, heart failure; LVEF, left ventricular ejection fraction;
MI, myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; STEMI, ST-elevation myocardial infarction; ULN, upper limit of normal.

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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6 J. Bauersachs et al.

Figure 2 Design of the HF-REVERT trial. ECHO, echocardiography; IV, intravenous; KCCQ, Kansas City Cardiomyopathy Questionnaire;
MI, myocardial infarction.

A total of approximately 280 patients will be randomly assigned to
the three treatment groups in a 1:1:1 ratio, with approximately 90
patients per group including potential drop-outs. Patients will receive
three doses of either 5 mg/kg or10 mg/kg of CDR132L or placebo on
study day 1 (up to 18 days after the index MI event), day 29, and day
57. The study drug will be administered as short-term IV infusion on
top of SoC treatment. All patients will be followed for efficacy and
safety assessments up to study end at month 12. A first read-out of
efficacy data will be performed after the double-blind period at month
6. Figure 2 summarize the design of the study.

Study objectives and rationale
for endpoints
The Graphical Abstract and Table 1 summarize the main objectives and
endpoints.

The principal objective of this trial is to study the safety and efficacy
of two dose levels of CDR132L compared with placebo in post-MI
patients with LV systolic dysfunction. The primary endpoint for this
study will be the percent change from baseline in LV end-systolic
volume index (LVESVI) at month 6. For quality assurance, data integrity
and robustness, the imaging workflow has been detailed in an Imaging
Study Manual, as part of the study protocol. Echocardiography is
performed by specifically trained personnel. The echocardiography
results are read and interpreted for the study purposes centrally (Echo
Core Lab, Harvard Medical School). The assessing echo-reader is
blinded to the study treatment assignments.

Main secondary objectives are safety and effects on cardiac function.
Safety endpoints are the frequency of adverse events and abnormalities
in clinical laboratory assessments, vital signs, physical examination,
ECGs. Main efficacy endpoints include LVEF change from baseline at
month 3, 6, and 12, absolute and relative LVESVI change from baseline
at month 3, 6 and 12, and absolute LVESVI change from baseline at
month 6, as well as troponin T, NT-proBNP change from baseline at
months 3, 6 and 12. Well-being will also be evaluated by means of the
Kansas City Cardiomyopathy Questionnaire (score and mean scores ..
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.. of subdomains symptom burden, physical limitation, and quality of life)
change from baseline at months 6 and 12.

Exploratory endpoints related to efficacy include determining the
effects of CDR132L on HF episodes, as time to first event for
cardiovascular mortality, hospitalization or emergency department visit
for HF conditions. It will also be evaluated on the change of disease
score (NYHA class) and cardiac parameters by echocardiography (early
and late diastolic transmitral flow velocity, early diastolic mitral annular
velocity, left atrial volume index, systolic ejection time, and strain
analysis for global longitudinal strain). We also plan to determine
the effects of CDR132L on exploratory PD and target engagement
biomarkers (e.g. cardiac fibrosis markers, and relevant circulating
RNAs).

Data monitoring, interim analysis
A Data Safety Monitoring Board closely and continuously supervises all
data to monitor the safety of all patients. No interim analysis for efficacy
is planned. Primary analysis will be done once the last patient has
completed the double-blind 6-month observation period. Follow-up
data will be analysed in addition once the last patient has completed
the last visit (month 12).

Statistical considerations
Sample size

The objective of the study is to determine the superiority of CDR132L
versus placebo in reducing LVESVI. We estimate that a sample size of
90 in each group (270 in total) will have a 96.0% power to detect a
difference in means of 5.0% (10 mg/kg CDR132L dose vs. placebo)
assuming that the common standard deviation is 9 using a two-group
t-test with a 2.5% one-sided significance level. Comparing the dose of
5 mg/kg CDR132L versus placebo, the sample size of 90 in each group
will have 84.3% power to detect a difference in means of 4.0% using the
same assumptions as above. Ten additional patients will be included to
compensate for early drop-outs. It is planned that approximately 280
patients will be enrolled/randomized into the study in a 1:1:1 ratio.

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Design of the Phase 2 HF-REVERT trial 7

Statistical methodology

The primary analysis population will be the intention-to-treat (ITT)
population. Additional sensitivity analysis will also be done using the
full analysis set.

Efficacy of CDR132L will be established by calculating the mean
difference in change from baseline in percent change in LVESVI at month
6 among MI patients randomized to either active treatment or placebo
group calculated in the ITT analysis set using analysis of covariance
(ANCOVA). This primary analysis of the primary efficacy endpoint
will be conducted regardless of intercurrent events. The change from
baseline in continuous secondary endpoints will also be analysed using
ANCOVA, with placebo acting as the reference. The model will include
treatment as a fixed effect and baseline value as a covariate. In addition,
safety analyses will also be conducted. However, no formal statistical
analysis of the safety data will be performed. Subgroup analyses for
the primary and selected secondary outcome parameters will be
performed, including HF medication, age and LV function at baseline.
A detailed statistical analysis plan including pre-specified subgroup
analyses will be finalized ahead of database lock.

Discussion
Study rationale
This Phase 2 study aims to assess the efficacy and safety of
CDR132L at 5 mg/kg and 10 mg/kg, given as three single IV doses
administered 28 days apart as an add-on to SoC therapy, in a larger
cohort of patients with HF and reduced LVEF after MI.

The current acute therapy after MI is early revascularization to
restore myocardial perfusion and prevent necrosis. The long-term
medical strategy after MI focuses on neurohormonal blockade.
Indeed, early initiation of angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers,24 the use of mineralocorti-
coid receptor antagonists25 and beta-blockers is associated with
improved mortality in MI patients.9

As opposed to the recently demonstrated proven benefit of
SGLT2 inhibitors and angiotensin receptor–neprilysin inhibitor
in HF with reduced LVEF,26,27 no new drug has demonstrated
long-term improvement in outcomes in the post-MI segment of
HF patients.

Drug and dose rationale
Inhibition of miR-132 effectively prevents progression of HF in
an animal model of post-MI HF.20 Translational in vitro and in vivo
studies have demonstrated the safety, tolerability, and efficacy of
CDR132L in various forms of HF, paving the way for clinical
development.18,19 CDR132L’s non-clinical data formed the basis of
the Phase 1b study in 28 patients with stable HF (NYHA class I to
III) of ischaemic origin.22 The dose levels, ranging between 0.32 and
10 mg/kg of CDR132L administered IV twice were found to be well
tolerated with minimal treatment-related or treatment-emergent
adverse events. There were no notable, treatment-related, or
clinically significant changes in liver function, renal function, or
other laboratory results, vital signs, or physical examinations in any
of the patient in either CDR132L or placebo group. PK analysis
supported the good safety profile, with no accumulation, in line ..
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.. with a short plasma half-life of around 4 h, a restricted volume
of distribution, and a high degree of dose linearity with regard
to maximum plasma concentration.22 In cardiac tissue of large
animals CDR132L has a long half-life of several weeks, evident by
long lasting reductions in functional and circulating miR-132 levels
and by the therapeutic effects.18,19 In humans, target engagement
of CDR132L demonstrated a potent, dose-dependent and long
lasting reduction of circulating miR-132 levels in plasma. CDR132L
administration at dose levels>1 mg/kg achieved rapid and sustained
reduction in plasma miR-132 over the 4-month course of the study.
This was confirmed in a PK/PD modelling approach to guide dose
selection in subsequent clinical studies.22

Based on the PK/PD modelling and safety considerations from
non-clinical and the Phase 1b studies, 5 and 10 mg/kg were selected
as the dose levels for this Phase 2 study. Pre-clinical assessment
of CDR132L in large animal models demonstrated clinically rel-
evant improvement in cardiac function at the proposed dose
level. CDR132L tissue concentrations positively correlated with
improvement of cardiac function.18,19 Assessment of CDR132L
PK characteristics in humans, compared with the large animal pig
model, confirmed a high level of inter-species consistency with
no signs for drug accumulation.22 Due to the lack of accumula-
tion in the Phase 1b study, it is anticipated that the highest dose
of 10 mg/kg to be administered in the Phase 2 study will result in
exposure levels that are comparable to those noted in the Phase
1b trial. Note that the non-clinical model showed beneficial effects
with three monthly doses with no safety signals.19 Thus, three sin-
gle IV doses of CDR132L, 28 days apart from each other, were
chosen to prolong the therapeutic effect by an additional month of
CDR132L cardiac tissue exposure and to ensure that patients are
not underdosed.

Based on safety, PK and PD data, a 10-month additional
follow-up after the last dosing will be implemented to provide an
adequate time window for evaluating safety of CDR132L at the
selected doses of 5 mg/kg and 10 mg/kg.

Choice of endpoints
In the HF REVERT study, CDR132L is tested in patients with
HF and reduced LVEF (≤45%) after MI. Patient selection for this
Phase 2 trial is based on the robust effect observed in relevant
pre-clinical studies in post-MI HF. However, given the clear evidence
that CDR132L treatment provides persistent and clinically relevant
therapeutic effects on cardiac function due to the anti-remodelling
mode of action of CDR132L, it is expected that CDR132L will be
beneficial in a broad range of HF conditions.18–20

The primary endpoint for the HF-REVERT trial is the change of
LVESVI, from baseline to 6 months. The use of HF surrogate mark-
ers in early clinical development that correlate with hard outcome
measures in late-stage clinical development is a major accelerator
of clinical development. The quantitative relationship between
short-term trial-level therapeutic effects on cardiac remodelling
and long-term hard endpoints such as hospitalization and death
has been clearly demonstrated in many trials.28 Reverse remod-
elling is defined as a reduction in LV volume and wall stress lead-
ing to improvement of LV function. Reductions of LV end-systolic

© 2024 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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8 J. Bauersachs et al.

volume are an established marker of reverse remodelling in
HF, as successfully demonstrated for renin–angiotensin system
inhibitors, beta-blockers, device-related therapies28 or for sacubi-
tril/valsartan.29 A similar effect was demonstrated for CDR132L in
a large animal model of chronic HF.19 Thus, the expected positive
change in LVESVI in this Phase 2 will likely translate into meaningful
clinical benefit in future stages of clinical development.

Conclusion
HF-REVERT will determine whether CDR132L, an antisense
miR-132 inhibitor, compared with placebo, improves cardiac func-
tions and quality of life in patients with HF after MI. The
HF-REVERT trial is the first trial to test an ASO inhibitor in HF
patients after MI. The design of HF-REVERT considers the collec-
tive experience from prior trials in a patient population with a great
unmet medical need. Results will provide the rationale for the con-
duct of a subsequent outcome trial to test the effect of CDR132L
in HF patients.
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