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LCZ696 (sacubitril/valsartan) is a first-in-class dual action molecule of
the neprilysin inhibitor sacubitril and the angiotensin Il type 1 recep-
tor blocker valsartan. This drug has been approved by the Food and
Drug Administration for the treatment of heart failure (HF) and awaits
Food and Drug Administration approval for the treatment of hyperten-
sion. Several recent studies have shown it to be more effective than
monotherapy in lowering blood pressure (BP) and improving HF and
is fairly safe and well tolerated by patients.l*2 Its antihypertensive and
beneficial HF effects are mediated through the inhibition by neprilysin
of the catabolism of the natriuretic peptides (NPs) and the blockade
by the angiotensin Il type 1 receptor valsartan. These actions by sacu-
bitril/valsartan result in systemic vasodilation and increased diuresis
and natriuresis, leading to reduction of peripheral vascular resistance
and volume contraction, all important actions for lowering BP and
improving HF symptoms.>* NP, atrial NP, and B-type NP exert their
diuretic and natriuretic effects through the generation of cyclic guano-
sine monophosphate.”>® However, their half-life is short, being rapidly
metabolized by different enzymes including neprilysin; thus, the ben-
efit of sacubitril/valsartan is the inhibition of their catabolism and the
prolongation of their half-life.” In addition to NPs, neprilysin catabo-
lizes many other peptide hormones including adrenomedullin, angio-
tensin, bradykinin, endothelin-1, neurotensin, oxytocin, substance P,
and especially amyloid B (Ap). Therefore, sacubitril could result in ac-
tions that are either beneficial or detrimental to patient health. For a
better understanding of the actions of sacubitril/valsartan, a focused
MEDLINE search of the English language literature was performed be-
tween 2011and 2017 and the data from this search is discussed in

this commentary.

1 | BENEFICIAL EFFECTS OF
SACUBITRIL/VALSATAN IN PATIENTS
WITH HYPERTENSION

Several clinical trials have shown that sacubitril/valsartan either
alone or in combination with other antihypertensive drugs results

in a significant reduction of BP and its effects have been shown

to be significantly higher compared with monotherapy.1 The re-
sults from these clinical trials are summarized in Table 1. In an
active comparator trial, Ruilope and colleagues1 studied the an-
tihypertensive effectiveness of different doses of LCZ696 (100,
200, 400 mg/d), valsartan (80, 160, 320 mg/d), and placebo mon-
otherapies in 1215 patients with uncomplicated hypertension for
8 weeks. BP was measured by clinical and ambulatory BP monitor-
ing. LCZ696 monotherapy was dose-dependently superior to val-
sartan monotherapy by clinical and ambulatory BP measurements
for all doses tested. Similar results were recently reported by Kario
and colleagues® in a randomized double-blind study of 389 Asian
patients with uncomplicated hypertension. LCZ696 resulted in sig-
nificant BP reductions in all doses tested compared with placebo.
Also, a 52-week extension study showed that LCZ696 400 mg ei-
ther alone or in combination with amlodipine 5 to 10 mg + hydro-
chlorothiazide 6.25 to 25 mg/d resulted in significant reduction of
BP.? In another study by Kario and coworkers,'® 35 patients with
severe hypertension (baseline BP 173.4/112.4 mm Hg) treated with
LCZ696 400 mg/d either alone or in combination with other drugs
except angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers resulted in significant reduction of BP. In another
study, Ito and colleagues®! tested the antihypertensive effective-
ness and safety of LCZ696 in daily doses of 100, 200, and 400 mg
in 32 patients with hypertension and renal failure (estimated glo-
merular filtration rate > 30 to < 60 mL/min per 1.73 m2). LCZ696
400 mg/d resulted in significant reduction of BP without changes
in serum creatinine, serum urea nitrogen, potassium, or estimated
glomerular filtration rate. In a recent study, Wang and colleagues'?
tested the natriuretic, diuretic, and BP-lowering effects of LCZ696
400 mg/d compared with valsartan 320 mg/d for 4 weeks in 72
Asian patients with salt-sensitive hypertension. LCZ696 400 mg/d
produced greater BP reductions by clinic and ambulatory BP
measurements than valsartan 320 mg/d and greater natriuresis at
1 week but not by week 28. In addition, it decreased N-terminal
pro-brain NP (NT-proBNP) more than valsartan, which was inde-
pendent of BP reduction. Another recent study by Wang and as-
sociates®® compared the BP-lowering effects of the combination of
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TABLE 1 Clinical trials in patients with hypertension demonstrating a blood pressure-lowering effects of LCZ696 vs a comparator

Author Patients, No. Age,y Follow-up, wk SBP, mm Hg A, mm Hg DBP, mm Hg A, mm Hg
Drug dose, mg
Ruilope!
LCZ696 100 156 53 8 155 -3.2 100 -4.7
LCZ696 200 169 54 8 157 -11.0 100 -6.1
LCZ696 400 172 53 8 155 -12.5 100 -6.9
Valsartan 80 163 53 8 155 -4.7 100 -2.4
Valsartan 160 166 53 8 155 =57 100 -3.2
Valsartan 320 164 53 8 156 -12.5 100 -4.2
Kario®
LCZ696 100 100 3 8 156 -11.5 100 -4.7
LCZ696 200 101 52 156 -11.0 100 -6.5
LCZ696 400 96 51 8 154 -12.5 100 -7.8
Kario®®
LCZ696 200 35 51 4 173 -23.1 112 -14
LCZ696 400 32 51 173 -35.3 112 -22.1
Ito'?
LCZ696 100 32 66 4 152 -13.4 87 -5.2
LCZ696 200 26 66 152 -19.4 87 -7.8
LCZ696 400 18 66 152 -20.7 87 -8.4
Wang!?
LCZ696 200 + 123 55 8 138 -13.9 86 -0.8
Zﬂ;ﬂg;\ii 128 55 8 140 -8.0 86 -0.3
Wang!®
LCZ696 400 36 56 8 147 -13.3 90 -6.2
Valsartan 320 36 59 8 148 -5.8 90 -4.2
Williams™
LCZ696 400 207 68 12 158 -13.7 87 -5.9
Olmesartan 40 206 67 12 159 -9.9 90 -4.9
LCZ696 400 209 68 52 158 -17.7 87 -8.7
Olmesartan 40 208 67 52 159 -16.1 90 -8.1

Abbreviations: A, change from baseline; DBP, diastolic blood pressure; SBP, systolic blood pressure.

LCZ696 200 mg + amlodipine 5 mg/d compared with monotherapy
with amlodipine 5 mg/d + placebo. LCZ696 + amlodipine resulted in
greater 24-hour ambulatory BP measurement and nighttime reduc-
tion of BP than amlodipine + placebo. Of interest are the results
of the recently published PARAMETER (Prospective Comparison of
an Angiotensin-Receptor Neprilysin Inhibitor With an Angiotensin-
Receptor Blocker Measuring Arterial Stiffness in the Elderly) study
by Williams and colleagues14 of 454 patients with hypertension
with a mean age of 67.7 years initially randomized to LCZ696
200 mg/d or olmesartan 20 mg/d, uptitrated to 400 and 40 mg/d,
respectively, as required and followed for 52 weeks. Depending
on BP response, amlodipine 2.5 to 5.0 mg/d + hydrochlorothiazide
6.25 to 25.0 mg/d were added to both treatment groups. At the end
of the 52-week extension, the brachial BP was similarly decreased

by both drug regimens. Similar results were observed in central BP

and pulse pressure. Regarding the safety of LCZ696, the drug was
well tolerated in all studies listed and no instances of angioedema

were reported.

2 | BENEFICIAL EFFECTS OF SACUBITRIL/
VALSARTAN IN PATIENTS WITH HF

Sacubitril/valsartan was approved by the Food and Drug
Administration on July 15, 2015, on a priority basis for the treat-
ment of HF because of its proven effectiveness in two trials (the
PARADIGM-HF [Prospective Comparison of ARNI With ACEI
to Determine Impact on Global Mortality and Morbidity in Heart
Failure] and PARAMOUNT [Prospective Comparison of ARNI With

ARB on Management of Heart Failure With Preserved Ejection
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TABLE 2 Main actions of peptide

. Lo N
hormones catabolized by neprilysin ame

Adrenomedullin
Angiotensin Il
Bradykinin

Endothelin-1

Glucagon
Natriuretic peptides

Neurotensin

Oxytocin
Substance P

Amyloid

Fraction] trials). In the PARADIGM-HF trial, 8442 patients with a
mean age of 63 + 11.5 years with reduced ejection fraction < 40%
were treated with either LCZ696 200 mg twice daily or enalapril
10 mg twice daily and followed for a median of 27 months (prema-
ture termination). At study end, the primary outcome (a compos-
ite of death from cardiovascular causes or hospitalization from HF)
occurred in 21.8% in patients treated with LCZ696 versus 26.5%
in those treated with enalapril (hazard ratio, 0.80; 95% confidence
interval, 0.73-0.87 [P < .001]). A total of 13.3% and 16.5% of pa-
tients treated with either LCZ696 or enalapril died from cardiovas-
cular causes (hazard ratio, 0.80; 95% confidence interval, 0.71-0.89
[P < .001]). Instances of hypotension and increases in serum creati-
nine and potassium were small and similar between the two drug
regimens. Cough or angioedema occurred in 0.2% in patients treated
with LCZ696 and 0.1% in those treated with enalapril (P =.19). The
PARAMOUNT trial'® was a phase 2, randomized, parallel-group,
double-blind multicenter study of 301 patients with a mean age of
71 years, New York Heart Association class Il or lll, ejection fraction
> 45%, and NT-proBNP > 400 pg/dL. Patients were treated with
LCZ696 400 mg or valsartan 160 mg twice daily in addition to back-
ground therapy, except angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers, and followed for 12 weeks with
an extension to 36 weeks. The analysis of data at week 12 showed
that LCZ696 decreased NT-proBNP more than valsartan (P = .005),
but not at week 36 (P = .20). In addition, there were small, not sig-
nificant, decreases in left atrial diameter, atrial volume, left ventric-
ular end-diastolic and end-systolic volume, and left ventricular wall
thickness by both drug regimens. The drugs were well tolerated and

there were no significant clinical or metabolic side effects noted.
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Action

Circulatory peptide hormone causing systemic vasodilation and new
angiogenesis

Circulatory peptide hormone causing systemic vasoconstriction and
cardiovascular remodeling

Circulatory peptide hormone causing systemic vasodilation and cough
stimulation

Circulatory peptide hormone causing systemic vasoconstriction

Peptide hormone released from the a-cells of the pancreas catalyzing
glycogen and increasing blood glucose levels

Circulatory peptide hormones causing systemic vasodilation and
increasing diuresis and natriuresis

Circulatory neuropeptide hormone regulating the release of luteinizing
and prolactin hormone release and causing systemic vasodilation
through its interaction with the dopaminergic system

Circulatory peptide hormone released from the paraventricular nucleus of
the brain and facilitating child birth

Circulatory neuropeptide hormone acting as a neurotransmitter and
neuromodulator and stimulating cough production

Increased brain deposition of amyloid p has been implicated as a cause of
Alzheimer disease

3 | PITFALLS OF TREATMENT WITH
SACUBITRIL/VALSARTAN

Sacubitril/valsartan (LCZ696) is a dual action molecule consisting
of the neutral endopeptidase (NEP) neprilysin inhibitor sacubitril
and the angiotensin receptor blocker valsartan combined in a molar
ratio of 1:1.%” The NEP neprilysin is known to catabolize several
peptide hormones such as glucagon, bradykinin, angiotensin, en-
dothelin-1, substance P, oxytocin, neurotensin, adrenomedullin, the
NPs, and Ap (Table 2). Some of these peptides have hemodynamic
effects (adrenomedullin, NPs, bradykinin, angiotensin, endothe-
lin-1), whereas others do not (glucagon, neurotensin, oxytocin,
substance P, amyloid ). Therefore, the effect of NEP (neprilysin)
inhibition is different and depends on the relative dominance of
the various substrates.'® Consequently, NEP inhibition could either
decrease BP by inhibiting the degradation of adrenomedullin, NPs,
and bradykinin through vasodilation and natriuresis or increase it
by blocking the degradation of angiotensin and endothelin-1, as
has been demonstrated in healthy men given an NEP inhibitor.?
However, in the case of sacubitril/valsartan, the vasoconstrictive
action of angiotensin Il is antagonized by valsartan through its
blockade of angiotensin Il type 1 receptors.* The decreased ca-
tabolism of bradykinin and substance P elevates blood levels and
increases the risk of cough and angioedema, although these effects
are not as prominent with sacubitril/valsartan as with the combina-
tion of NEP/angiotensin-converting enzyme inhibitor omapatrilat in
the OCTAVE (Omapatrilat cardiovascular Treatment vs Enalapril).2°
The most troublesome effect of long-term NEP inhibition is the

decreased catabolism of Ap peptide and the possible increased
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incidence of Alzheimer disease, since neprilysin has been touted as
a drug to prevent or treat Alzheimer disease.?! Experimental studies
have shown that intracerebral infusion of the NEP inhibitor thior-
phan induced hippocampal accumulation and deposition of Ap,_,,
in rats.?? Aggregation of AB, 4, is believed to play a critical role in
the development of Alzheimer disease.?® However, in a study of
17 healthy volunteers administered LCZ696 400 mg/d for 2 weeks,
there was no difference in the cerebrospinal fluid concentration of
A, ,, between controls and LCZ696-treated patients.24 However,
the results of this study do not dispel all concerns regarding brain
accumulation of AB,_,,, which could go undetected by cerebrospinal
fluid measurements, since the brain traffics most of the Ap into the

peripheral circulation.?®

4 | DISCUSSION

From the available clinical data, it appears that sacubitril/valsartan
possesses significant beneficial antihypertensive and HF effects and
is fairly safe and well tolerated short term. Its effects in lowering the
central aortic and nocturnal BP are more important than its peripheral
BP effects for the prevention of cardiovascular events.?® In addition,
the lowering of blood levels of NT-proBNP is also significant since high
levels of NT-proBNP predict the onset of cardiovascular events.?” In
other studies, sacubitril/valsartan has been shown to improve insulin
sensitivity in obese persons and could prevent the onset of diabetes
mellitus in this population.28 The prevention of degradation of NPs
is beneficial in patients with hypertension and HF, since both condi-
tions benefit from the diuretic, natriuretic, and vasodilating effects of
NPs. The prevention of degradation of bradykinin has ambivalent ef-
fects since its increased blood levels could contribute to vasodilation
and reduction of BP on the one hand and the induction of cough and
angioedema on the other, although the incidence of cough and angi-
oedema is low with the use of sacubitril/valsartan in both hyperten-
sion and HF, as has been previously reported in hypertension and HF
studies. The only worrisome adverse effect of sacubitril/valsartan is
the prevention of degradation of Af peptide, which could result, long
term, in an increased incidence of Alzheimer disease.??"2° This is not
a problem in patients with HF treated with sacubitril/valsartan since
their survival is short, but it is not the same with patients with hyper-
tension, who live for a long time. In addition, hypertension is known
to contribute to blood-brain barrier dysfunction, rendering these
patients more vulnerable to NEP inhibition.?? Also, a postmortem
study in patients with hypertension and Alzheimer disease showed
increased deposition of Ap in the frontal cortex, indicating a possible
decreased degradation of Ap peptide in patients with hypertension.21
Another problem is the monitoring of accumulation of Af in the brain
since its measurement in cerebrospinal fluid is not representative of
its levels in the brain,?> and there is compelling genetic evidence that
AP deposition plays a critical role in Alzheimer disease.?’ Should sacu-
bitril/valsartan be approved for the treatment of hypertension, pro-
longed monitoring of brain function will be necessary to determine an

increased deterioration of mental function.
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