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Abstract

Purpose of review—The goal of this article is to review potential expanded indications for
neprilysin inhibitors. This article reviews the rationale and design for ongoing and future trials of
sacubitril/valsartan in cardiovascular and non-cardiovascular disease.

Recent findings—Randomized trial data are lacking for use of sacubitril/valsartan in acute heart
failure and advanced heart failure. Mechanistic data from animal studies suggest a role for
neprilysin inhibition in the treatment of post-myocardial infarction systolic dysfunction and heart
failure with preserved ejection fraction. Beyond the cardiovascular system, renal and neurological
function may be impacted by neprilysin inhibition. Forthcoming randomized trials will address the
clinical impact of sacubitril/valsartan on these conditions.

Summary—Neprolysin inhibition with sacubitril/valsartan offers a new therapeutic strategy with
a broad range of potential therapeutic actions. In PARADIGM-HF, the combination of neprolysin
and RAAS inhibition was proven to be superior to enalapril for patients with stable NYHA class
I1-111 heart failure and reduced left ventricular ejection fraction. Preliminary data suggests it may
also have a role in other cardiovascular and non-cardiovascular disease. Several ongoing and
planned studies will determine the extent of its benefit for these other indications.
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Introduction

Neurohormal pathways in heart failure

The activation of neurohormonal compensatory mechanisms underlies the physiology of
heart failure (HF). The contributions of the sympathetic nervous system (SNS) and the
renin-angiotensin-aldosterone system (RAAS) to unfavorable changes in renal sodium
handling, vascular tone, and cardiomyocyte structure and function were long ago recognized
and translated into pharmacotherapies that have been proven in large scale clinical trials to
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improve survival and morbidity in patients with HF and reduced left ventricular ejection
fraction (HFrEF). These agents formed the backbone of modern HF pharmacotherapy: p-
blockers, angiotensin converting enzyme inhibitors (ACEI), angiotensin receptor blockers
(ARB), and the mineralocorticoid receptor antagonists (MRA). Modulation of other biologic
pathways operant in heart failure has failed to demonstrate clinical benefit - endothelin
receptor antagonists failed to improved outcomes and were associated with increased
adverse events!—3 while trials of tumor necrosis factor-alpha inhibition were stopped for
futility.* Meanwhile, increased inhibition of the RAAS through multiple or higher-dose
drugs failed to demonstrate further mortality improvements, suggesting the need to harness
another biological pathway to benefit patients with heart failure.>-10

The natriurietic peptide system (NPS), also activated in HF, has been an alluring target for
drug development - not for inhibition but augmentation. This is due to the natriurietic,
diuretic, vasodilatory, and lusitropic properties of these peptides as well as their action to
prevent cardiac hypertrophy and fibrosis and to decrease renin release. These peptides
include atrial natriurietic peptide (ANP), B-type natriurietic peptide (BNP), and C-type
natriurietic peptide (CNP). Synthetic ANP 11713 and synthetic BNP 14-16 have been
demonstrated to potentiate the above effects, however these molecules are only available in
parenteral form and their use has not been demonstrated in large-scale trials to confer a
mortality benefit. As an alternative strategy to exogenous administration, targeting the
degradation of these molecules presents an opportunity to potentiate their biological effect.

Biological activity of neprilysin and pharmacologic implications

Neprilysin, a predominantly membrane-bound zinc-dependent metalloproteinase distributed
broadly throughout the body, is responsible for the breakdown of multiple endogenous
vasoactive peptides including bradykinin, natriuretic peptides, and adrenomedullin.17-19
Increasing the levels of these peptides through neprilysin inhibition would be expected to
counteract the neurohormonal activation and compensatory mechanisms that lead to sodium
retention, vasoconstriction, and cardiac remodeling.2%-2! Inhibitors of neprilysin were
developed in the 1980s (thiorphan)?2 and 1990s (sacubitril).23 Early animal studies
demonstrated that neprilysin blockade effected a rise in natriuretic peptide levels and
natriuriesis, but had inconsistent effects on blood pressure and systemic vascular
resistance.17:24.25 Short term use in humans conferred beneficial effects on natriuriesis,
diuresis, and hemodynamics, 2426:27 however longer term use resulted in vasoconstriction
and it was subsequently described that neprilysin inhibition also increased the circulating
concentration of the vasopressors angiotensin 11 and endothelin.1928 Dual potentiation of
vasodilatory and vasoconstrictor substances results in a neutralized effect of isolated
neprilysin inhibition and thwarts its usefulness in treating heart failure.

The neutralized effect of neprilysin inhibition on vascular tone and sodium handling
underscores the need to understand the action of neprilysin on a variety of biological
pathways. Neprilysin is involved in the metabolism of a broad array of peptides with various
and occasionally contradictory biologic actions (Table 1). In addition to its action on the
natriurietic peptides, endothelin, and angiotensin I1, neprilysin has a role in the degradation
of adrenomedullin and bradykinin, compounds which exert vasodilatory effects. In fact, the
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enzymatic activity of neprilysin against BNP is relatively less compared with its action on
other NPS components, suggesting a more complex biological action of neprilysin inhibitors
on the circulation than augmentation of BNP alone.2® The broad enzymatic activity of
neprilysin has also led to concerns about implications outside the cardiovascular system.
Neprilysin degrades amyloid-f peptide, leading to concerns that its inhibition might
contribute to the development of diseases of amyloid-p accumulation such as age-related
macular degeneration, cerebral amyloid angiopathy, and Alzheimer disease.3% Neprilysin,
through its metabolism of mitogenic peptides may also serve as a check against tumor cell
proliferation in prostate,3! breast,32 and other cancers.33-3° Clinical ramifications of
widespread and prolonged use of neprilysin inhibitors on these non-cardiovascular
conditions are unclear.

Combined neprilysin and RAAS inhibition for Heart Failure

Though inhibition of neprilysin alone was not a viable strategy for treating cardiovascular
disease, dual inhibition of neprilysin and the RAAS was ultimately explored in large-scale
clinical trials. Rodent model data confirmed a greater antihypertensive effect of combined
neprilysin inhibition and ACE inhibition3® and cardiac remodeling data from animal models
suggested a rationale for this combined therapy in heart failure.36-38 The oral agent
omipatrilat, a dual inhibitor of neprilysin and ACE was developed for clinical use and in
humans demonstrated antihypertensive and NP-augmenting effects.3° Large scale
randomized controlled trials of dual neprilysin/ACE inhibition vs. ACE inhibition alone in
HF patients followed. In the IMPRESS trial there was a trend towards efficacy of omipatrilat
over lisinopril, leading to the OVERTURE trial, in which omapatrilat was superior to
enalapril with regard to a secondary outcome of cardiovascular death or hospitalization, but
failed to meet the primary endpoint of all-cause mortality or heart failure
hospitalization.4%41 Concern was also raised over the increased rate of angioedema in the
OVERTURE trial. The subsequent large scale hypertension trial OCTAVE revealed an
increased rate and greater severity of angioedema among subjects receiving omipatrilat vs.
enalapril, an observation that was more notable among African Americans.*2 The failure of
omapatrilat to meet the primary endpoints in OVERTURE coupled with concerns over
angioedema resulted in an end to its development as a therapy for heart failure.

Despite the failure of omapatrilat to result in an approved pharmacotherapy for heart failure,
development of combined neprilysin and RAAS inhibition continued. The action of
omapatrilat on both the inhibition of neprilysin-based degradation of bradykinin as well as
its inhibition of substance P, which itself breaks down bradykinin, likely accounts for the
prohibitive rate of angioedema observed in clinical trials.18 LCZ696, a compound of the
neprilysin inhibitor pro-drug sacubitril and the ARB valsartan, emerged as the next,
ultimately successful, strategy. This compound demonstrated a favorable hemodynamic
profile without cough and angioedema concerns in early phase trials*3 and in a phase II
study of HF subjects with preserved LVEF it demonstrated more favorable cardiac
remodeling and improvements in heart failure status than comparators receiving valsartan.*4
Ultimately, it was LCZ696 (sacubitril/valsartan), the first in class angiotensin receptor
neprilysin inhibitor (ARNI), that would deliver a trail with a favorable mortality endpoint,
leading to FDA approval for use in systolic heart failure.
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Current Evidence and Indications for Combined Neprilysin Inhibition and

Aldosterone Receptor Blockade

The 2016 ACC/AHA/HFSA Focused Update on New Pharmacological Therapy for Heart
Failure includes recommendations for use of sacubitril/valsartan in heart failure patients with
reduced ejection fraction (LVEF < 40%).45 Sacubitril/valsartan is recommended in patients
with chronic symptomatic HFrEF and NYHA class Il or 11l symptoms (who previously
tolerated an ACEI or ARB) to further reduce morbidity and mortality (Class I, Level of
Evidence B). Specifically replacement of ACEI or ARB with ARNI is recommended.
Current labeling of the drug by the FDA is slightly broader than these guidelines, indicating
ARNI for NYHA Class lI-1V heart failure. The rationale for these indications is derived
from the PARADIGM-HF trial.

The PARADIGM-HF trial compared LCZ696 (sacubitril/valsartan) to enalapril in a
prospective, randomized, double-blind, international trial of 9,419 patients with NYHA class
11-1V heart failure and reduced left ventricular ejection fraction (<35%).46 Patients were
required to be on 4 weeks of stable medical therapy and have elevated NP levels. Key
exclusion criteria included symptomatic hypotension, SBP < 100 mm Hg, serum potassium
> 5.2 mmol/L, eGFR < 30 ml/min, or a history of angioedema. Prior to randomization, a
single-blind run-in period was required in which patients received enalapril for at least 2
weeks followed by sacubitril/valsartan for a period of 4 to 6 weeks. A total of 9419 subjects
entered the run-in and 8442 subjects were randomized. Study drugs were titrated to a goal
dose of sacubitril/valsartan 97/103 mg twice daily or enalapril 10 mg twice daily. Most
patients enrolled in the study had NYHA class Il (70%) or 111 (24%) heart failure, with < 1%
having Class IV HF. The mean LVEF of the study population was 29% and concomitant
treatment with guideline-directed heart failure therapies was typical for a heart failure trial
population. The trial was concluded early after meeting a pre-specified stopping point for
compelling clinical benefit. After a median follow-up of 27 months, subjects taking
sacubitril/valsartan had a 20% reduction the combined endpoint of cardiovascular death or
HF hospitalization. All-cause mortality was also significantly less among the valsartan/
sacubitril group (17% vs. 19.8%).

The impressive results of PARADIGM and the approval of sacubitril/valsartan for clinical
use have provided the opportunity to explore the role of neprilysin inhibition, NP
potentiation, and the action of ARNI in a variety of cardiovascular and non-cardiovascular
disease states. (Table 2). Here we detail the biologic rationale and context for these
forthcoming trials.

Potential Expanded/Future Indications of ARNI use in HFrEF

Acute or Recently Decompensated Heart Failure

In terms of acute heart failure (AHF) , patients treated with sacubitril/valsartan in the
PARADIGM trial, experienced reduced readmission, both at 30 and 60 days, for all-cause
and HF readmission.4” Further, the benefit of sacubitril/valsartan over enalparil was not
attenuated or accentuated by proximity of trial enrollment to most recent prior
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hospitalization for HF.#8 Unfortunately, whether these inferences can be extended to patients
with currently or recently decompensated HF is not knowable from the PARADIGM trial,
which excluded patients with a current episode of decompensation and patients not taking at
least 4 weeks of stable medical therapy with at least 10 mg/day of enalapril or equivalent.

The impact of initiating or up-titrating of any neurohormonal antagonist during an episode
of acute heart failure is not well-described. Initiation of beta-blocker prior to discharge
during an AHF hospitalization resulted in superior rates of beta-blocker use at 60 days but
resulted in no difference in subsequent death or re-hospitalization.4® While analogous
prospective data are lacking for ACEI/ARB use at discharge, it is evident from Medicare
data that patients discharged on ACEI or ARB are substantially more likely to be maintained
on long-term therapy.®? Aggregated data from clinical trials also suggest that ACEI/ARB
non-use at discharge is associated with greater risk for post-discharge adverse events.>!
Thus, there is interest in the role of early ARNI initiation relative to HF hospitalization.

Two forthcoming trials will address the role of inpatient initiation of ARNI in acute heart
failure. PIONEER-HF trial will be an 8 week randomized, double-blind, multicenter study to
compare safety and tolerability of initiation of sacubitril/valsartan versus enalapril initiation
prior to hospital discharge in patients with HFrEF who have been stabilized following
admission for AHF with a primary efficacy endpoint of time-averaged percentage change of
NT-proBNP (NCT02554890). Patients will be randomized between 1 and 10 days after
hospital presentation provided they meet a definition of stability including SBP =100 mmHg
for 6 hours prior to randomization with no symptomatic hypotension, no increase in IV
diuretic dose or administration of 1V vasodilators within 6 hours prior to randomization, and
no administration of inotropes for 24 hours prior to randomization. Meanwhile, the
TRANSITION trial will be a 1,000 subject international trial similar to IMPACT-HF,
randomizing subjects to a strategy of either inpatient initiation of sacubitril/valsartan or
outpatient initiation of sacubitril/valsartan from day 1 to 14 post-discharge (NCT02661217).
The primary endpoint will be the percentage of subjects receiving maximum dose sacubitril/
valsartan at 10 weeks post-randomization.

NYHA Class IV Heart Failure

The effectiveness of sacubtril/valsartan in the patients with the most advanced HF is not
clear. When PARADIGM subjects were characterized by use of the MAGGIC risk model, an
externally validated predictor of adverse events in HF, a consistent degree of benefit was
noted across all quintiles.52 However, while a number of high-risk patients were certainly
represented in the trial, PARADIGM included only 60 NYHA Class IV patients, comprising
< 1% of the total enrollment. The clinical features that were associated with an inability to
complete the run-in period of the PARADIGM trial - an eGFR < 60 ml/m2, lower SBP, and
highter NTproBNP-are particularly prevalent in Class IV patients.>3 Ultimately, the absolute
benefit of ARNI in patients with Class IV heart failure and the relative benefit of ARNI over
standard ACEI/ARB use are difficult to ascertain from available data. To this end, the HFN-
LIFE trial will prospectively address the comparative effectiveness of sacubitril/valsartan vs.
valsartan alone in a randomized, double-blind trial of approximately 400 subjects with
NYHA Class IV heart failure (NCT02816736). Subjects will be followed for 24 weeks and
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the primary study outcome will be an AUC difference in NT-proBNP as assessed at 4, 8, 12,
and 24 weeks. Secondary outcomes will include clinical worsening of heart failure and
tolerability will provide valuable insight into the practical use of this agent in patients with
advanced heart failure.

Structural, hemodynamic, and biochemical evidence of cardiac remodeling

Despite demonstrating improvement in survival and hospitalization, the PARADIGM ftrial
did not include serial echocardiography, thus the degree of ventricular remodeling
experienced with ARNI use in the trial is not known. Previous trials of ACEI, ARB, and B-
blockers demonstrating mortality improvement have also demonstrated improvement in left
ventricular volumes compared to placebo. For ACE inhibitors this favorable remodeling
effect extends to patients with asymptomatic LV systolic dysfunction.>* Whether cardiac
remodeling undergirds the benefit of ARNI will be assessed in forthcoming trials assessing
biomarker changes and ventricular remodeling among patients with NYHA Class I1-1V heart
failure with reduced LVEF <40% (PROVE-HF, NCT02887183), changes in aortic
impedance among patients with NYHA Class I-111 HF and hypertension (EVALUATE-HF,
NCTO02874794), changes in functional mitral regurgitation (PRIME, NCT02687932) in
patients with LVEF between 25% and 50%, and changes in mean pulmonary artery pressure
in patients with LVEF < 35% (PARENT, NCT02788656). Finally, the potential for
sacubitril/valsartan to attenuate atrial remodeling in patients with risk for future heart failure
will be addressed by the PARABLE study. These trials should provide useful insights into
the role of ARNI at several stages in the progression of HF.

Potential Therapeutic Strategies Beyond Systolic Heart Failure

Post Acute Myocardial Infarction

Use of an ACEI or ARB is indicated for all patients with LVEF <40% following either ST-
segment elevation or non-ST-segment elevation myocardial infarction (Class 1, Level of
Evidence A).5556 arge scale clinical trials demonstrate the mortality benefit of ACEI in
this setting.>”-58 ARBs are similarly effective, but produce undesired adverse effects when
added to ACEL.59:60 Additionally, beta blockers and mineralocorticoid receptor antagonists
improve mortality in post-MI patients with reduced LVEF and carry a Class 1, Level of
Evidence A recommendation.

Natriurietic peptide levels rise in the setting of myocardial infarction and are associated with
reduced survival.61 The stimulus for NP release appears to be both wall stress and
ischemia.®2 NPs have potentially favorable effects on the infarcted myocardium, reducing
ischemia reperfusion injury, inhibiting neutrophil degranulation, and blunting sympathetic
nerve activity.53 In humans with anterior myocardial infarction, infusion of ANP results in a
reduction of cardiac sympathetic nerve activity and less LV remodeling® and infusion of
BNP results in improved LVEF and less ventricular dilatation.5> ARNI are a logical
consideration for therapy post-MI and indeed animal data show that sacubitril/valsartan
attenuates LV dilatation, preserves LV systolic function and mechanics, and reduces
myocardial hypertrophy and fibrosis.®® The PARADISE-MI study will test the hypothesis
that sacubitril/valsartan is superior to ACEI with regard to the cumulative hazard of CV
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death, HF hospitalization, or outpatient HF in an international trial of 4,650 subjects with
new LV systolic dysfunction (LVEF <40% and no prior history of chronic heart failure)
following acute myocardial infarction (NCT02924727). In addition to providing data on
long-term post-infarct ventricular remodeling with ARNI, the dual effects of potentiating
NPs and inhibiting neprilysin should provide insights into post-infarction neutrophil function
and the associated consequences on post-infarction myocardial inflammation.

Heart Failure with Preserved LVEF

Patients with heart failure with preserved LV ejection fraction (HFpEF) have a similar, but
less severe profile of derangements in neurohormonal activity, exercise capacity, and quality
of life compared to patients with heart failure and reduced LV ejection fraction (HFrEF).67
Despite these similarities, clinical trials of RAAS inhibitors and beta blockers have failed to
demonstrate statistically significant improvements in survival, while MRAs have shown
promise, albeit controversial .58

Modulation of the NPS in patients with HFpEF is appealing, as NP activity appears to
adhere to a similar paradigm in HFpEF as in HFrEF. Elevated BNP levels predict adverse
clinical outcomes in patients with HFpEF as they do in patients with HFrEF.%° Though BNP
levels tend to be lower in patients with HFpEF than in patients with HFrEF, a given BNP
level is similarly prognostic.”? In addition to the previously described actions of the NPs in
heart failure, the action of the NPS on cardiomyocyte protein-kinase G (PKG) may suggest a
particular pathway of benefit. LV biopsy specimens in HFpEF reveal low activity of PKG, a
powerful regulator of titin stiffness, and this is associated with an elevation in cardiomyocyte
resting passive tension.”* PKG activity is regulated by the availability of cyclic GMP, which
is elaborated by guanylate cyclase (GC), occuring in both soluble (sGC) or receptor-bound
(rGC) forms. There appear to be separate pools of PKG activity, with nitric oxide synthetase
and donors of nitric oxide stimulating sGC and NPs signaling via rGC with separate
regulation by phosphodiesterase 9.72 Even as enthusiasm builds for agents that more
effectively deliver nitric oxide to hypoxic tissues (eg: inorganic nitrate and inorganic nitrite)
or directly stimulate soluble guanylate cyclase (eg: riociguat), the signaling of NPs through
the rGC-cGMP-PKA pathway may represent a unique pathway to modulate cardiomyocyte
function.”

Phase 2 clinical trial data exist for the use of ARNI in patients with HFpEF. The
PARAMOUNT study randomized 308 patients with HFpEF (LVEF =245%), hypertension,
and elevated NTproBNP > 400 pg/mL to therapy with sacubitril/valsartan or valsartan. Use
of sacubitril/valsartan was associated with greater decline in NTproBNP at 12 weeks, greater
improvement in left atrial volumes at 36 weeks, no increase in clinical adverse events, and
lower levels of high sensitivity troponin.”* 7> Moreover, the favorable changes in NYHA
class, renal function, left atrial volumes, and NT-proBNP were not correlated with changes
in blood pressure, suggesting a more complex mechanism of benefit.”® PARAGON-HF is
the subsequent ongoing phase 3 trial of sacubitril/valsartan use in HFpEF (NCT01920711).
As the largest HFpEF trial ever conducted, it will enroll 4,600 subjects with NYHA Class
I1-1V HF with an LVEF =45% and compare the rate of CV death and HF hospitalization
among subjects treated with sacubitril/valsartan vs. valsartan.
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Hypertension

The biologic rationale for blockade of the RAAS and potentiation of the NPS with regard to
blood pressure lowering is described in previous sections of this review. At present, three
randomized controlled trials of sacubitril/valsartan therapy for hypertension have been
reported. A comparison of sacubitril/valsartan vs. valsartan vs. placebo in 1,328 patients
with mild-moderate hypertension demonstrated greater lowering of blood pressure in
sacubitril/valsartan treated subjects compared to subjects treated with the comparable
bioactive dose of valsartan.”” Importantly, no cases of angioedema were reported.
Subsequently, Kario et al demonstrated the effectiveness of sacubitril/valsartan compared to
placebo in 389 hypertensive Asian subjects in lowering daytime and nighttime blood
pressures with no cases of angioedema.’® Finally, the recently-reported PARAMETER study
demonstrated that in a group of 454 elderly hypertensive patients with elevated pulse
pressure =60 mmHg, sacubitril/valsartan was more effective than olmesartan at lowering
central aortic blood pressure and 24-hour ambulatory blood pressure at 12 weeks and
required fewer add-on antihypertensive therapies over the course of 52 weeks.”® While these
data are promising, to date no phase 3 clinical trial of sacubitril/valsartan for the treatment of
hypertension is planned.

Potential Non-Cardiac Indications

Renal Disease

In the normal kidney, autoregulation permits the maintenance of GFR across a range of
blood pressures, however heart failure, particularly in the setting of therapies that reduce the
action of angiotensin Il at the glomerulus, is characterized by altered renal function and
heightened sensitivity of GFR to reductions in blood pressure and renal perfusion.89 Thus,
use of RAAS inhibiting drugs in heart failure may lower GFR. Even as GFR may fall with
RAAS blockade in HF, it is evident that compared with placebo ACEI/ARB use provides a
clinical benefit for patients with stage 111 and possibly stage IV CKD8! and that continued
ACEI/ARB use even in the face of worsening renal function is beneficial over
discontinuation.82 Meanwhile, the NPS, particularly ANP, has been demonstrated to effect
an increase in GFR through glomerular afferent arteriolar dilatation and efferent arteriolar
constriction in both dog8 and rat models.84 Further, in healthy humans ANP infusion8® and
BNP infusion86 have been demonstrated to improve GFR. Through direct effects on the
renal vasculature and indirect effects on the RAAS, the NPS appears to be a pathway for
treating renal dysfunction and it is tempting to think that dual RAAS inhibition and
neprilysin inhibition might permit both improved heart failure outcomes and preserve renal
function. What is the evidence for this?

The dual ACEI and neprilysin inhibitor omapatrilat attenuated the progression of renal
failure more-so than ACEI in animal models®’ and in the IMPRESS study was shown to
result in fewer episodes of elevated serum creatinine than ACEL.#1 While advancement of
this agent was thwarted by angioedema concerns, there is reason to believe the successor
ARNI may confer similar favorable effects. In the PARAMOUNT phase 2 trial of subjects
with HFpEF and hypertension, treatment with sacubitril/valsartan as compared to valsartan
resulted in significantly less decline in eGFR and lower levels of serum creatinine, albeit
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with no significant difference in cystatin C and a slightly higher urine albumin/creatinine
ratio (UACR).88 The observed elevation in UACR was not seen in a study of hypertensive
subjects without HFpEF#3 and might relate to direct inhibitory effects of natriurietic
peptides on glomerular mesangial cell proliferation and contraction.8990 Finally, in the
PARADIGM trial, despite being associated with more symptomatic hypotension, sacubitril/
valsartan was associated with fewer episodes of elevated creatinine or serum potassium.*6 In
aggregate, these data suggest ARNI use should be no less indicated in patients with HF and
CKD than ACEI/ARB and may possibly be preferable to these agents in patients with CKD.

Whether the action of ARNI on renal function in non-HF patients is favorable remains to be
determined. Considerable data suggest a benefit of ACEI/ARB use on slowing the
progression of renal failure among patients with proteinuria and chronic kidney disease, both
among diabetics®! and non-diabetics.92 These benefits appear minimal or absent among
patients with proteinuria < 500 mg/day.3 Even so, international treatment guidelines
recommend the use of ACEI or ARB for the treatment of hypertension in all non-dialysis
dependent chronic kidney disease even in settings where there is minimal or no
proteinuria.®* It remains an open question whether combined neprilysin and RAAS
inhibition may have additive effects, and this will first be studied among patients with CKD
and proteinuria. The UK Heart and Renal Protection (HARP)-111 is a randomized, controlled
trial to be conducted in the UK that will compare the effectiveness of sacubitril/valsartan vs.
irbesartan in preserving GFR over 12 months among 360 diabetic and nondiabetic patients
with an initial GFR between 20 and 60 ml/m2/1.73m2 and a UACR >=20 mg/mmol
(ISRCTN 11958993).

Cognition, Behavior, and Neurologic Disease

As previously described, owing to the broad expression and action of neprilysin, non-
cardiovascular concerns have been raised for the use of sacubitril/valsartan. Of particular
concern is the possible interaction of neprilysin inhibition and Alzheimer disesase.
Neprilysin degrades AP peptides and oligomers and in animal models there is an inverse
relationship between peripheral expression of neprilysin and brain amyloid burden.95.96
Further, animal models have suggested the possibility of a therapeutic benefit of neprilysin
potentiation.%” In humans there are less certain and occasionally conflicting data on this
paradigm of neprilysin activity inverse to Alzheimer disease progression.39 However, as
neprilysin plays a salutary role in animal models of several amyloid deposition diseases such
as age-related macular degeneration, cerebral amyloid angiopathy, and sensorimotor axonal
polyneuropathy, concerns remain that ARNI may have long term unfavorable effects on
neurologic function.

In healthy subjects sacubitril/valsartan does not increase CSF levels of the aggregable Ap
isoforms (1-42 and 1-40), but does significantly increase the concentration soluble CSF Ap
1-38.98 Whether there are clinical consequences to neprilysin inhibition and the described
changes in CSF A through ARNI is unclear. A retrospective analysis of PARADIGM
revealed no greater rate of dementia-related adverse events in the sacubitril/valsartan arm
than the enalapril arm and instead showed that dementia-related AEs were linked to a higher
burden of cardiovascular disease and associated risk factors as represented by coronary
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disease, stroke, atrial fibrillation, higher NT-proBNP levels, and lower eGFR.% Given the
potential for competing effects of Ap-related disease and modification of the impact of
cardiovascular comorbidity on cognition in patients treated with ARNI, ongoing trials will
seek to better characterize the effects of these agents on cognition and brain structure and
function. The ongoing PARAGON trial includes a Mini Mental State exam and the
forthcoming PERSPECTIVE trial will employ a more powerful battery of cognitive tests as
well as brain positron emission tomography imaging to the brain using florbetapir-18F to
assess changes in amyloid plaque deposition over time (NCT02884206).

Finally, the role of neprilysin and ARNI in disorders of sleep in heart failure is an emerging
area of interest. Sleep disordered breathing is common in heart failure, with approximately
half of patients affected, the majority of whom have central sleep apnea (CSA).190 Greater
elevations in left heart filling pressures are correlated with CSA101 and CSA is associated
with reduced survival in heart failure.192 Unfortunately, treatment of HF patients with CSA
using adaptive servoventilation was shown to increase mortality, limiting enthusiasm for
nocturnal respiratory support in these patients.103 Cardiovascular pharmacotherapies have to
date not been show to improve sleep disordered breathing.1%4 Elevated levels of NPs are
associated with CSA in HF, but there are no data to demonstrate that potentiation of NPs has
salutary effects on sleep.195:106 That said, in a rat model of sleep deprivation, there is
evidence of neprilysin activation in the pituitary gland, potentially implicating neprilysin in
sleep regulation.197 Neprilysin or neprilysin-like endopeptidases may also play a role in the
regulation of circadian rhythm in Drosphophila models.108 Whether these limited and early
observations translate to a role for neprilysin inhibition in the sleep-wake cycle or nocturnal
breathing in heart failure is not clear. Currently trials are planned for measuring the impact
of sacubitril/valsartan on apnea-hypopnea in patients with sleep apnea (ENTRESTO-SAS,
NCT02916160) and daytime activity and nighttime actigraphy in patients with HFrEF
treated with sacubitril/valsartan (AWAKE-HF, NCT02970669), potentially illuminating the
action of neprilysin inhibition on sleep.

Conclusion

Neprilysin inhibition represents a powerful therapeutic tool in treating chronic heart failure
with reduced LVEF and preliminary data suggest a potential role for the use of ARNI in a
broader spectrum of cardiovascular and non-cardiovascular disease. Insights from a vast
array of clinical trials over the course of the next several years will onstrate whether the
promise of combined neprilysin and RAAS inhibition in these disease states will translate to
clinical effectiveness.
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Substrates of Neprilysin™

Table 1

Vasoactive Peptides
Adrenomedullin
Angiotensin |

Angiotensin Il

Natriurietic peptides (ANP, BNP, CNP, urodilatin)

Bradykinin
Kallidin
Endothelin
Neurokinin A
Neuropeptide Y

Substance P

Peptidesin Neurologic Processes
Amyloid B

Galanin

Neurotensin

Peptide YY

Pain and Inflammation
Calcitonin gene-related peptide
Dynrophin

B endorphin

Enkephalins

Neurokinin A

Vasoactive intestinal peptide

*
Adapted from Campbell, Nature Reviews Cardiology
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Mitogenesis and Angiogenesis
Bombesin-like peptides

Fibroblast growth

Hypothalamic-Pituitary Axis
Adrenocorticotrophic hormone
Gonadotropin-releasing hormone
a-melanocyte stimulating hormone

Oxytocin

Digestion and Metabolism
Cholecystokinin
Gastrin-releasing peptide
Glucagon

Glucagon-like peptides

Insulin-B chain

Page 19



Page 20

Riddell and Vader

sypuow 1 81T VO3V (qwd T'0 < YOX3) HIN A1Bpu0das Ym %05-G2 431 2€6/8920L0N EDSE]
sypuow g1 052 X3pul SWINJOA [eLile Y| V TW/TW 8Z < IAV1 ‘dNg Palens|3 ‘%0 < 43N 6T.2892010N 37avidvd
sypuow of 02z uolezI[eNdsoH 4H J0 Yreap AD 0} 8WiL INDIAVYVd Se awes Z€789¥20LON feriyasaueder
SY93M 2§ 09€ 3WO0IINQ [eIIUIND PaUIGIOD 4314H ‘Al -Il VHAHN 8T > 8fy ZT€8L920L0N [e1i3o1reIped
(Apris

stpuow g1 00€ asop xew Buness|o} % 4344H ‘I11-11 VHAN 7.606920LON ferouddy -1s0d) T1VSVHYd
feriL

sYgam g oy paverul ured [13uN Sj[em |iwpealL 06°0 > Xapul [e1ydeig-apjUe UM uoiealpnfed ‘4H ON €829€92010N asess| [elLIY [eoYydiod
syluow ¢ 00T xapu| esudodAH-eaudy v %Sy S 43N 09T9T620.LON SVS-0O.1S3YINT
$399M 9T 9T Aydesbnoe Ajrep v 4314H Al-11 Sse1D VHAN 69902620.LON JH-INVYMY
sypuow g 02§ 21005 aNsodwod aAUBOD [eqO|D v 8sESSIP Leay [eInonis ‘dNgoId LN patens|s ynm 43d4H 90278820L0N AAIL03dSHAd
sypuow 1 00 Y49V QWL T/UILY/TW 09 PUB 0Z UBBMIBY Y498 Ue UIM aMD  €668S6TT NLONSI 11-ddVH YN
stpuow /g 009% suoryezi[endsoy 4H [e10) pue yieap AD JO ajey  9seasIp Lieay [eanjoniis ‘dNgoId LN parens|s yim J3d4H TTLOZ6TOLON 4H-NODVYVd
$498M 95T 0597  4H jusiredino Jo ‘uoiezifendsoy 4H ‘yresp AD 03 BwIL $10308) 3SH UM %07 S 43T IIN-1S0d 121%2620L0N IN-3S1avevd
So3M Z€ 0z ainssaid g uesw v 4314H 1I-11 8581 YHAN 95988/2010N LINIHVd
SY39M 2T ey aouepadwi o108 v uolsusMadAy ynm [11-1 ssejd VHAN ¥6.7.820LON dH-31VNTVA3
SHOIM 2§ 0€8 sia1awe.ed furjopowsy 4314H Al Ss10 VHAN €8T./882010N 4H-3A0Hd
S}e8M 12 00 dNgold-IN Vv 4344H Al SSBID VHAN 9€/9T82010N 3417-N-4H
S}93M 92 0007 SY33M QT Je [eA/9ES 850p Xew Bunie} % (4314H) JHV wanedu) LTZT9920LON NOILISNVYL
M 8 9/ dNgoud-IN vV (4344H) 4HV 08y 06875520.LON 4H-433NoId
uoireung  swelgns juiodpu3 Arewrid uoire|ndod NGS|/LON aWweN [eliL

Author Manuscript

Author Manuscript

uelIes[eA/|141gnaes Jo sjell] Bulwoayuio4 pue Buiobup

¢ dlqeL

Author Manuscript

Author Manuscript

Curr Heart Fail Rep. Author manuscript; available in PMC 2018 April 01.



	Abstract
	Introduction
	Neurohormal pathways in heart failure
	Biological activity of neprilysin and pharmacologic implications
	Combined neprilysin and RAAS inhibition for Heart Failure

	Current Evidence and Indications for Combined Neprilysin Inhibition and Aldosterone Receptor Blockade
	Potential Expanded/Future Indications of ARNI use in HFrEF
	Acute or Recently Decompensated Heart Failure
	NYHA Class IV Heart Failure
	Structural, hemodynamic, and biochemical evidence of cardiac remodeling

	Potential Therapeutic Strategies Beyond Systolic Heart Failure
	Post Acute Myocardial Infarction
	Heart Failure with Preserved LVEF
	Hypertension

	Potential Non-Cardiac Indications
	Renal Disease
	Cognition, Behavior, and Neurologic Disease

	Conclusion
	References
	Table 1
	Table 2

