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Abstract LCZ696, a first-in-class angiotensin receptor
neprilysin inhibitor (ARNI), is comprised of the angiotensin re-
ceptor blocker valsartan and the neprilysin inhibitor pro-drug
sacubitril (AHU377). After oral administration, AHU377 is rap-
idly metabolized to the active neprilysin inhibitor LBQ657.
LCZ696 exerts its effects of diuresis, natriuresis, vasodilation
and aldosterone secretion inhibition through simultaneous
renin-angiotensin-aldosterone system (RAAS) blockade and na-
triuretic peptides system (NPS) enhancement. Powerful evidence
including PARAMETER and PRARDIGM-HF trials have
shown that LCZ696 outperforms RAAS inhibition in treating
patients with hypertension and heart failure with reduced ejection
fraction (HFrEF), and is well tolerated. In addition, accumulating
evidence also suggests its potential use in heart failure with pre-
served ejection fraction (HFpEF), chronic kidney disease (CKD),
post-myocardium infarction (post-MI) and stroke. Both the FDA
and CHMP have approved LCZ696 for treatment of HFrEF.
Despite all this, some special issues (e.g. use in specific
subgroups, adverse events, contraindications and
cost-effectiveness analysis) should be considered before its
implementation in clinical practice.
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Introduction

LCZ696(sacubitril/valsartan, a first-in-class angiotensin re-
ceptor neprilysin inhibitor (ARNI), consists of the angiotensin
receptor blocker (ARB) valsartan and the neprilysin inhibitor
prodrug sacubitril (AHU377) in a 1:1 M ratio [1, 2]. The
valsartan moiety antagonizes the harmful effects of the
renin-angiotensin-aldosterone system (RAAS) activation such
as sodium retention, vasoconstriction and maladaptive remod-
eling via specific blockade of angiotensin II type-1 receptors,
while the AHU377 moiety, rapidly enzymatically cleaved to
the active metabolite LBQ657, augments the beneficial effects
of the natriuretic peptides system (NPS) such as diuresis, na-
triuresis, vasodilation and RAAS blockade by inhibiting the
degradation of natriuretic peptides (NPs) (Fig. 1) [3–5]. The
dual action of RAAS blockade combined with NPS augmen-
tation makes LCZ696 a promising therapeutic drug for hyper-
tension, heart failure (HF), renal disease and myocardial in-
farction. Here, we review the development, pharmacology,
and preclinical and clinical data of LCZ696 to date, and eval-
uate its potential role in future clinical consideration.

Development of LCZ696

The most significant difference between LCZ696 and tradi-
tional ARB lies in the adjunctive neprilysin inhibitor.
Neprilyisin, also known as neutral endopeptidase (NEP), is a
membrane-bound enzyme widely distributed in a variety of
tissues and particularly abundant in the renal proximal tubule
[6]. Previous studies showed that circulating soluble
neprilysin is positively associated with cardiovascular death
and HF hospitalization in HF patients, supporting NEP inhi-
bition as a potential therapeutic target [7]. In vivo, NEP par-
ticipates in the breakdown of several endogenous
vasopeptides including NPs [6, 8], bradykinin [9],
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adrenomedullin [10], angiotensin II [11], and endothelin-1
[12]. Therefore, the net effects of NEP inhibition on vascular
tone depend on the balance of its effects on the break-
down of vasodilators (i.e., natriuretic peptides, bradykinin,
adrenomedullin) versus that of vasoconstrictors (i.e., angio-
tensin II and endothelin-1). Candoxatrilat, the first orally
available NEP inhibitor, although showing a positive effect
on diuresis and natriuresis by increasing NPs levels (including
atrial NP, B-type NP and C-type NP), failed to lower blood
pressure in hypertensive patients [13, 14], partially due to
concomitant increases of angiotensin II and endothelin-
1levels [15, 16]. The next developed omapatrilat, a dual in-
hibitor of NEP and angiotensin converting enzyme (ACE),
addressed the concern of elevation of angiotensin II and
outperformed ACE inhibition (ACEI) alone in lowering blood
pressure in an experimental study [17], as well as reducing
cardiovascular events in patients with heart failure in the
IMPRESS study [18]. Unfortunately, omapatrilat was not ap-
proved by the U.S. Food and Drug Administration (FDA) due
to unacceptable risk of angioedema observed in the OCTAVE
and OVERTURE studies [19, 20]. Accumulation of bradyki-
nin through simultaneous inhibition of NEP and ACE may be
responsible for the high incidence of angioedema induced by
omapratilat [21, 22]. Thus, a new approach shifting the RAAS
target from ACE inhibition to angiotensin receptor blockade
effectively addressed the high rate of angioedema and formed
the novel ARNI LCZ696. In an animal model, ARNI (using
valsartan–candoxatril) exhibited equal BP lowering efficacy
to omapatrilat without the risk of angioedema [23].

Pharmacology of LCZ 696

LCZ696 is a supramolecular complex of 6 molecules of
valsartan with 6 molecules of sacubitril (AHU377), cre-
ating a novel crystalline complex having a molecular
weight of 5748 [24]. Following ingestion, the prodrug
AUH377 is rapidly metabolized to the active NEP in-
hibitor LBQ657. Following administration of a single
oral dose of LCZ696200–1200 mg, the time to maxi-
mum plasma concentration (Tmax) of LBQ657 is 1.9–
3.5 h and that of valsartan 1.7–2.2 h. Mean half-life
of LBQ657 is 9.9–11.1 h and that of valsartan is 8.9–
16.6 h, which makes prescription of LCZ696 once or
twice daily reasonable (Table 1) [2]. LCZ696 treatment
is associated with an increase in plasma cyclic guano-
sine monophosphate reflecting augmentation of NPS
[25], as well as increases in plasma renin and angioten-
sin II concentration reflecting the action of ARB [2].
The 103 mg of valsartan component in 200 mg of
LCZ696 is bioequivalent to 160 mg of valsartan in

Fig. 1 Action mechanism of LCZ696 (sacubitril/valsartan). LZC696 is an
angiotensin receptor-neprilysin inhibitor composed of the ARB valsartan
and the neprilysin inhibitor prodrug sacubitril (AHU377). Neprilysin is a
major enzyme in the breakdown of biologically active natriuretic peptides
and other vasoactive peptides; hence inhibition of neprilysin increases

natriuretic peptides in circulation. Valsartan inhibits the renin-angiotensin-
aldosterone system by blocking the angiotensin type I receptor.
AngII = angiotensinII; AT1R = angiotensin type I receptor;
NEP = neprilysin; NPs = natriuretic peptides; NPR = natriuretic peptide
receptor; RAAS = renin-angiotensin-aldosterone system

Table 1 Pharmacology of LCZ696

Parameters Sacubitril LBQ657 Valsartan

Tmax 0.5 h 2 h 1.5 h

Half-life 1.4 h 11.5 h 9.9 h

Tmax Time to maximum plasma concentration
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Diovan®. Moreover, the pharmacokinetic profile of
LCZ696 analytes were shown to be similar between
young and elderly, male and female, as well as subjects
of Caucasian, Chinese and Japanese origin [26–28].

LCZ696 in Heart Failure with Reduced Ejection Fraction

Heart failure (HF) is the end stage of various kinds of cardio-
vascular disease, which affects over 23million patients world-
wide [29]. Based on the left ventricular ejection fraction
(LVEF), HF can be categorized into HF with reduced ejection
fraction (HFrEF) and HF with preserved ejection fraction
(HFpEF), with either type making up about half of the overall
incidence. Although great advances have been achieved in the
treatment for HFrEF in the past three decades, there remains a
high mortality rate of 50 % within 5 years [30], more severe
than that of the breast, large bowel, prostate, or ovary cancer
[31]. The newly released 2016 ESC and ACC/AHA/HFSA
guidelines for HF concurrently recommend replacement
of ACEI or ARB with LCZ696, in conjunction with
beta-blocker and mineralocorticoid receptor antagonist
(MRA), to further reduce morbidity and mortality of
HFrEF patients [32, 33]. The evidence supporting the
guideline recommendation of replacement of ACEI or
ARB with LCZ696 for HFrEF patients is derived from
the PARADIGM-HF study.

The PARADIGM-HF trial randomized 8399 patients aged
18–96 years, with NewYork Heart Association (NYHA) class
II-IV and LVEF ≤40 % (which was changed to ≤35 % by an
amendment to the protocol on December 15, 2010), to receive
the ARNI LCZ696200 mg twice daily or enalapril 10 mg
twice daily, in addition to recommended therapy (i.e. along
with a beta-blocker and an MRA). The primary endpoint was
a composite of cardiovascular death or hospitalization for HF.
The trial was prematurely stopped after a median follow-up of
27months for overwhelming advantage of LCZ696 over enal-
april. During the course of the study, 914 patients (21.8 %) in
the LCZ696 group met the primary endpoint compared with
1117 patients (26.5 %) in the enalapril group (hazard ratio
[HR] 0.80; 95 % confidence interval [CI], 0.73–0.87;
P < 0.001). Among them, 558 patients (13.3 %) receiving
LCZ696 died from cardiovascular causes compared with
693 patients (16.5 %) receiving enalapril (HR, 0.80; 95 %
CI, 0.71–0.89; P < 0.001); 537 patients (12.8 %) receiving
LCZ696were hospitalized for HF compared with 658 patients
(15.6 %) receiving enalapril (HR 0.79; 95 % CI, 0.71–0.89;
P < 0.001). Moreover, death due to any cause was also re-
duced in patients receiving LCZ696 compared with enalapril
(17.0 % versus 19.8 %; HR 0.84; 95 % CI, 0.76–0.93;
P < 0.001). Safety analysis showed that LCZ696 was well
tolerated except for a higher incidence of symptomatic hypo-
tension (rarely leading to LCZ696 discontinuation) than enal-
april [34]. After that, several subsequent analyses of the

PARADIGM-HF trial were conducted to address some special
issues. Packer et al. focused on the surviving patients in
PARADIGM-HF and demonstrated that LCZ696 prevented
heart failure deterioration more effectively than enalapril, in-
cluding reduced need for intensified HF therapy, emergency
department visit, intensive care, inotropic agents, or heart
transplantation. In addition, patients receiving LCZ696 had
an improved quality of life (as assessed by Kansas City
Quality of Life Questionnaire) and fewer HF symptoms (as
assessed by NYHA functional class) and fewer biomarkers of
myocardial wall stress and injury (as assessed by NT-proBNP
and troponin T) compared with enalapril [35]. Desai et al.
showed that the reduced cardiovascular deaths accounted for
80.9 % of the overall deaths in PARADIGM-HF and were
primarily comprised of sudden cardiac deaths and deaths
from worsening heart failure [36]. Using actuarial esti-
mates from the PARADIGM-HF trial, Claggett et al.
extrapolated that LCZ696 would produce additional 1
to 2 years of life expectancy and survival free from
heart failure in the long term as compared with enalapril
[37]. Recently, Desai et al. reported that, compared with
enalapril, LCZ696 reduced 30-day readmissions for any
cause following discharge from HF hospitalization [38].
Furthermore, several post-hoc analyses of PARADIGM-
HF showed that the benefits of LCZ696 over enalapril
were consistent across the spectrum of LVEF [39], dos-
age [40], age [41], glycemic status [42], and baseline
risk [43] (Table 2). The superiority of LCZ696 over
ACEI was indirectly justified in a putative placebo anal-
ysis, showing an important reduction in the composite out-
come of cardiovascular death or heart failure hospitalization
by 39–43 % [44].

LCZ696 in Heart Failure with Preserved Ejection
Fraction

Patients with HFpEF have an equally poor prognosis as com-
pared to patients with HFrEF [45], however, there exists no
established therapy for HFpEF to date. LCZ696 has been test-
ed in a phase II trial in HFpEF, the Prospective comparison of
ARNi with ARB on Management of heart failure with pre-
served ejection fraction (PARAMOUNT) trial, and showed
promise for treatment of HFpEF. In PARAMOUNT, 301 pa-
tients with NYHA classII-III, LVEF 45 % or higher, and NT-
proBNP greater than 400 pg/mL were enrolled and randomly
assigned (1:1) to receive either LCZ696 (titrated up to 200 mg
twice daily) or valsartan alone (titrated to 160 mg twice daily)
for 36 weeks. The primary endpoint was change in NT-
proBNP from baseline to 12 weeks. The results showed that
LCZ696 reduced levels of NT-proBNP at 12 weeks (LCZ696:
baseline, 783 pg/mL [95 % CI, 670–914], 12 weeks, 605 pg/
mL [95 % CI, 512–714]; valsartan: baseline, 862 pg/mL
[95 % CI, 733–1012], 12 weeks, 835 pg/mL [95 % CI, 710–
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981]; ratio LCZ696/valsartan, 0.77, 95 % CI 0.64–0.92,
P = 0.005), and reduced left atrial size and improved NYHA
class at 36 weeks. LCZ696 was well tolerated with adverse
effects similar to those of valsartan [46]. Although the BP
reduction was more significant in LCZ696 versus valsartan
(−9.3/−4.9 versus −2.9/−2.1 mmHg at 12 weeks; 7.5/
5.1 mmHg versus 1.5/0.3 mmHg at 36 weeks, all P < 0.05),
the effect of LCZ696 on NT-proBNP, left atrial volume,
NYHA class, and estimated glomerular filtration rate
(eGFR) showed no association with the reduction in BP
[47]. Continual analysis of the PARAMOUNT trial also
showed that LCZ696 treatment decreased high-sensitivity tro-
ponin T (hs-TnT) to a greater extent at 12 weeks (12 % reduc-
tion; P = 0.05) and at 36 weeks (14 % reduction; P = 0.03)
compared with valsartan [48]. Whether these effects on
surrogate endpoints could translate into improved out-
comes needs to be further tested. The ongoing multicen-
ter, randomized, double-blind, parallel group study
PARAGON-HF (NCT01920711) is currently enrolling
4600 patients with HFpEF to compare LCZ696 with
valsartan regarding their effects on cardiovascular death
and HF hospitalization. The trial is expected to be completed
in 2019 [49] (Table 3).

LCZ696 in Hypertension

Hypertension was the first indication studied for LCZ 696. In
2010, Ruilope et al. evaluated 1328 patients with mild-to-
moderate hypertension for 8 weeks to measure the mean dif-
ference of three pairwise comparisons of sitting diastolic BP
between LCZ 696 and bioequivalent doses of valsartan (i.e.,
LCZ 696100 mg versus valsartan 80 mg, LCZ 696200 mg
versus valsartan 160 mg, and LCZ 696400 mg versus
valsartan 320 mg), as well as a pairwise comparison between
AHU 377200 mg and placebo. The trial showed a significant-
ly greater reduction of sitting diastolic BP with 200 mg
LCZ696 versus 160 mg valsartan by −2.97 mmHg, and with
400 mg LCZ696 versus 320 mg valsartan by −2.7 mmHg
[50]. Of note, the subjects enrolled in the trial of Ruilope
et al. were primarily Caucasians and were distinctly different
from Asian hypertensive patients who are characterized by
higher salt sensitivity. In 2014, Kario et al. evaluated 389 adult
Asian patients with mild to moderate hypertension for
8 weeks, and further confirmed the efficacy of LCZ 696 in
lowering clinic and ambulatory systolic blood pressure (SBP),
diastolic blood pressure (DBP) and pulse pressure (PP) com-
pared with placebo. Moreover, the antihypertensive efficacy

Table 2 Summary of main clinical trials with LCZ696 in HFrEF

Trial or authors Intervention and study
population

Primary endpoint Secondary endpoint Adverse events

PARADIGM-HF
(N = 8399) [34]

LCZ696200 mg bid vs.
enalapril 10 mg bid;Mean
age 64 years; Male 78 %;
White 66 %, Asian 18 %,
African 5 %; Mean LVEF
29 %; NYHAI5%,
NYHA II 70 %, NYHA
III 24 %, NYHA IV
<1 %.

CV death or HF hospitalization
(HR 0.80, 95%CI
[0.73–0.87], P < 0.001)
(NNT 21); CV death (HR
0.80, 95%CI [0.71–0.89],
P < 0.001) (NNT 32); HF
hospitalization (HR 0.79,
95%CI [0.71–0.89],
P < 0.001).

All cause death (HR 0.84
95%CI [0.76–0.93],
P < 0.001) (NNT 36);
KCCQ CSS at 8 months
(HR 1.64, 95%CI
[0.63–2.65], P = 0.001).

Symptomatic hypotension
(14 % vs. 9.2 %,
P < 0.001); Serum
creatinine ≥ 2.5 mg/dL
(3.3 % vs. 4.5 %,
P = 0.007); Potassium
>6.0 mmol/L (4.3 % vs.
5.6 %, P = 0.007);
Cough (11.3 % vs.
14.3 %, P < 0.001);
Angioedema (P = NS).

Packer et al. [35] Post-hoc analysis Intensified HF therapy (HR 0.84, [0.74–0.94], P = 0.003);
emergency department visit for worsening HF (HR 0.66,
95%CI [0.52–0.85], P = 0.001).

Desai et al. [38] Post-hoc analysis 30-day readmissions for any cause (17.8 % vs. 21.0 %; OR
0.74, [0.56–0.97], P = 0.031); 30-day readmissions for HF
(9.7 % vs. 13.4 %; OR 0.62, 95%CI [0.45–0.87],
P = 0.006).

Solomon et al. [39] Post-hoc analysis Superiority of LCZ696 over enalapril was consistent across the
LVEF spectrum

Vardeny et al. [40] Post-hoc analysis Superiority of LCZ696 over enalapril was consistent across the
dose range

Jhund et al. [41] Post-hoc analysis Superiority of LCZ696 over enalapril was consistent across age
categories

Kristensen et al. [42] Post-hoc analysis Superiority of LCZ696 over enalapril was consistent across the
glycemic spectrum

Simpson et al. [43] Post-hoc analysis Superiority of LCZ696 over enalapril was consistent across the
spectrum of baseline risk

KCCQ CSS Kansas City Cardiomyopathy Questionnaire clinical summary score, NNT Number needed to treat, NS No significance
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tended to be greater in Asian hypertensive patients compared
with that in Caucasian patients [51]. Both trials mentioned
above showed a good tolerance to LCZ696 and no cases of
angioedema were reported. However, generalization of the
safety data to black people should be done cautiously as these
particular patients, proven to be more liable to angioedema
incidence, were underrepresented in the trials.

With aging, one of the most common complications of hy-
pertension is the increased arterial stiffness resulting from pro-
gressive vascular remodeling [52], which in turn amplifies the
pathogenesis of hypertension and links with poor cardiovascu-
lar outcomes, such as myocardial infarction, cognitive decline,
stroke, and kidney diseases [53–56]. Thus, agents targeted at
lowering BP per se and improving vascular elasticity may be a
preferred choice for patients with elderly systolic hypertension.
An early experimental study in stroke- prone spontaneously
hypertensive rats (SHRSP) showed that combined valsartan/
NEP inhibition produced comparable efficacy as ACEI/NEP
inhibition in lowering BP and improving vascular remodeling,
as indicated by increased relaxation responses to acetylcholine
and decreased vascular media/lm ratio of resistance arteries
[57]. Recently, Kusaka et al. further confirmed that LCZ696
performed better than valsartan in lowering BP and preventing
cardiovascular injury in spontaneously hypertensive rats [58].
A recent clinical trial presented at the European Society of
Cardiology (ESC) 2015 Congress assessed the efficacy of
LCZ696 versus olmesartan on aortic stiffness and central aortic
haemodynamics in the elderly [59]. 454 patients aged ≥60 years
with mean sitting (ms) SBP >150 mmHg and PP > 60 mmHg
were randomly assigned to receive once-daily LCZ696200 mg
(n = 229) or olmesartan 20 mg (n = 225) for 4 weeks, followed
by a forced-titration to double the initial doses in the next

8 weeks. Add-on hypertension medication was allowed at
12–24 weeks if BP was not under control (msSBP <140 and
msDBP <90 mmHg). After 12 weeks, the LCZ696 group
showed a greater reduction than the olmesartan group in central
aortic systolic pressure (−12.6 versus −8.9 mmHg, P = 0.01),
central aortic pulse pressure (−6.4 versus −4 mmHg, P = 0.01),
brachial systolic BP (−13.7 versus −9.9 mmHg, P = 0.02), and
PP (−7.7 versus −4.9 mmHg, P = 0.01). Throughout the
52 weeks of follow-up, 68 % of the LCZ696 group was able
to stay on monotherapy versus 53 % of the olmesartan group.
There were no significant between-group differences in safety
endpoints. Recently, an 8-week, multicenter, open-label study
further demonstrated that LCZ696-based regimen was general-
ly safe and effective, particularly for SBP and PP reductions, in
the treatment of severe hypertension in Asian patients [60]
(Table 4).

Based on the above evidence, we may suggest that pre-
scribing LCZ696 might be a better choice for elderly systolic
hypertension than conventional ARB. Moreover, BP reduc-
tion by LCZ696 tended to be greater in salt-sensitive Asian
patients compared with Western patients [51]. Furthermore,
since numerous in vivo studies [61–64] and limited number
of human studies [65] have suggested a potential role of NPs
for treatment of resistant hypertension [66], LCZ696 may also
be a potential therapeutic strategy for resistant hypertension.

LCZ696 in Chronic Kidney Disease

Chronic kidney disease (CKD) is a common concomitant dis-
order in patients with cardiovascular disease and is indepen-
dently predictive of poor outcome. Different from the definite
benefits demonstrated in hypertension and heart failure, there

Table 3 Summary of main clinical trials with LCZ696 in HFpEF

Trial or authors Intervention and study
population

Primary endpoint Secondary endpoint Adverse events

PARAMOUNT
(N = 301) [46]

LCZ696200 mg bid vs.
valsartan 160 mg bid;Mean
age 70 years; Female 55 %;
Mean LVEF 58 %; NYHA
II 81 %

NT-proBNP was significantly
reduced at 12 weeks (ratio
0.77, 95% CI [0.64–0.92],
P = 0.005)

Left atrial volume index
reduced (−2.6 vs.
0.31 mL/m2, P = 0.007)
and NYHA class
improved at 36 weeks

Symptomatic hypotension
(19 % vs. 18 %);
hyperkalemia (8 % vs.
6 %); renal dysfunction
(2 % vs. 5 %); all P = NS

Jhund et al. [47] Post-hoc analysis BP reduction at 12 weeks (−9.3/−4.9 vs. -2.9/−2.1 mmHg,
P < 0.05); while superiority of LCZ696 over valsartan was
independent of the BP-lowering effect

Jhund et al. [48] Post-hoc analysis Greater reduction in hs-TnT at 12 weeks (12 % reduction,
P = 0.05) and at 36 weeks (14 % reduction, P = 0.03)

PARAGON(N = 4300
expected, ongoing)
[49]

LCZ696200 mg bid vs.
valsartan 160 mg bid;
LVEF ≥45 %; symptomatic
HF; left atrial enlargement
or left ventricular
hypertrophy; elevated
NT-proBNP

CV death and HF
hospitalization

Change in KCCQ CSS;
Change in NYHA class;
Time to first occurance
of a composite renal
endpoint; Time to
all-cause mortality

NT-proBNP N-terminal pro-B-type natriuretic peptide, hs-TnT High-sensitivity troponin T
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exists no direct large-scale trial data supporting the use of
LCZ696 in CKD. The evidence for potential renoprotective
effects of ARNI is primarily inferred from animal studies
using other vasopeptidase inhibitors (i.e. NEP/ACE inhibitor)
which demonstrated superiority of the NEP/ACE inhibitor
over ACEI in preservation of renal function [67–70]. A sec-
ond analysis of renal outcomes in the PARAMOUNT trial
showed that therapy with LCZ696 for 36 weeks was associ-
ated with preservation of eGFR compared with valsartan ther-
apy (−1.5 versus −5.2 mL/min/1.73m2; P = 0.002) [71]. Wang
et al. reported that the potentially beneficial effects of ARNI
on renal function were associated with inhibited angiotensin II
mediated collagen synthesis in renal mesangial cells [72]. A
meta-analysis conducted by Bodey et al. included studies of
IMPRESS, OVERTURE, PARAMOUNT, and PARADIGM-
HF, and demonstrated that NEP–RAAS inhibition
(Omapatrilat or LCZ696) in heart failure produced a 32 %
relative risk reduction in renal function deterioration com-
pared to ACEI or ARB alone [73]. In an attempt to investigate
whether LCZ696 has the potential to protect kidneys better
than current standard treatment, the ongoing UK HARP-III
Study (ISRCTN 11958993) has randomly assigned 414 par-
ticipants with eGFR 20–60 mL/min/1.73m2 or urinary albu-
min to creatinine ratio ≥ 20 mg/mol to receive LCZ696 or
irbesartan treatment, to assess the difference in change of renal

function over 12 months of follow-up, and the overall trial is
expected to be completed in 2017 [74] (Table 5).

LCZ696 in Post-Myocardial Infarction and Stroke

Myocardial infarction (MI) and stroke are severe types of
cardio-cerebrovascular diseases characterized by high mortal-
ity and disability rate. To the best of our knowledge, there
exists no clinical data to date directly exploring the effects of
LCZ696 on MI and stroke except two experimental animal
studies. Von Lueder et al. demonstrated that LCZ696 attenu-
ated cardiac remodeling after experimental MI through greater
inhibition of cardiac hypertrophy and fibrosis compared with
NEPI or ARB alone [75]. Bai et al. administered eight-week-
old male C57BL/6 J mice with valsartan (3 mg/kg per day) or
LCZ696 (6 mg/kg per day) for 2 weeks before middle cerebral
artery occlusion, and showed that the preventive effect of
LCZ696 on ischemic brain damage after stroke was more
marked than that of valsartan.

LCZ696 in Clinical Practice

Based on the quite robust results of PARADIGM-HF, the FDA
has approved the combination tablet sacubitril/valsartan
(LCZ696) for use in chronic HFrEF patients with NYHA class

Table 4 Summary of main clinical trials with LCZ696 in hypertension

Trial or authors Intervention and study population Primary endpoint Secondary endpoint Adverse events

Ruilope et al.
(N = 1328)
[50]

(8 groups) LCZ696100 mg,
200 mg, or 400 mg vs. valsartan
80 mg, 160 mg, or 320 mg and
AHU377200 mg vs. placebo;
Mean age 53 years; Male 57 %;
White 87 %

Average reduction of mean sitting
DBP across the doses of LCZ696
versus the corresponding dose of
valsartan at 8 weeks
(−2.17 mmHg, 95%CI [−3.28 to
−1.06], P < 0.0001)

200 mg LCZ696 versus 160 mg
valsartan (−2.97 mmHg, 95 %
CI –4.88 to −1.07,
P = 0.0023); 400 mg LCZ696
versus 320 mg valsartan
(−2.70 mmHg, 95%CI −4.61
to −0.80, P = 0.0055)

Well-tolerated

Kario et al.
(N = 389) [51]

LCZ696100, 200, 400 mg vs.
placebo; Mean age 51.6 years;
Asian patients

Greater reduction in clinic DBP at
8 weeks, P < 0.001

Greater reduction in clinic SBP
and PP and ambulatory SBP,
DBP and PP, all P < 0.001

Well-tolerated, no
cases of
angioedema

PARAMETER
(N = 454) [59]

LCZ696400 mg qd vs. olmesartan
40 mg qd; patients with
hypertension aged ≥60 years
with a mean sitting (ms) SBP
≥150 to <180 and a
PP > 60 mmHg

Greater reduction in central aortic
systolic pressure (−12.6 vs.
-8.9 mmHg, P = 0.01) at
12 weeks

Greater reduction in central aortic
PP (−6.4 vs. -4 mmHg,
P = 0.01), brachial SBP (−13.7
vs. -9.9 mmHg, P = 0.02) and
PP (−7.7 vs. -4.9 mmHg,
P = 0.01) at 12 weeks

Kario et al.
(N = 35) [60]

LCZ696-based regimen (initially
treated with LCZ696200 mg,
uptitrated to 400 mg after
2 weeks and followed by
addition of another
antihypertensive agents except
ACEI/ARBs after 4 weeks, If
necessary); Japanese patients
with severe hypertension (SBP
≥180 mmHg or DBP
≥110 mmHg)

Reductions in office SBP/DBP and
PP at 8 weeks were
35.3/22.1 mmHg and
13.2 mmHg, respectively

Well-tolerated, no
cases of
angioedema

SBP Systolic blood pressure, DBP Diastolic blood pressure, PP Pulse pressure
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II-IV symptoms [76]. Not long thereafter, the European
Medicines Agency (EMA) Committee for Medicinal Products
for Human Use (CHMP) also recommended marketing autho-
rization for LCZ696 use in HF patients [77]. The 2014 CCS,
2016 ESC and 2016 ACC/AHA/HFSA guidelines for HF have
recommended conditionally replacing an ACEI or ARB with
LCZ696 when the drug is available, with close surveillance of
serum potassium and creatinine [32, 33, 78]. It is to be expected
that guidelines for HF or even hypertension management in
other countries will also be updated, considering the use of
LCZ696 in the near future. Last but not least, the following
notes should be taken into account before implementation of
LCZ696 in clinical practice:

1. Who will benefit?
Recently, a concern was raised about possible attenu-

ated response of LCZ696 in HFrEF patients with lower
levels of circulating NEP activity [79], which may occur
secondary to elevated BNP levels [80]. Thus, the issue
that should NEP catalytic activity be routinely measured
before prescribing LCZ696 needs to be further elucidated
[81]. Moreover, patients with obesity also merit specific
consideration as their lower levels of endogenous NPs
suggest a particular benefit from neprilysin inhibition
[82].

2. Initial dose and dose titration
The recommended starting dose is 100 mg (sacubitril

49 mg and valsartan 51 mg) twice a day, which is titrated
based on patient tolerability after 2 to 4 weeks to a dose of
200 mg (sacubitril 97 mg and valsartan 103 mg) twice a

day. The initial dose of sacubitril/valsartan should be de-
creased to 50 mg (sacubitril 24 mg and valsartan 26 mg)
twice a day for patients who are not currently treated with
an ACE inhibitor or ARB or treated with low doses of
these agents, have severe renal impairment (eGFR
<30 mL/min/1.73 m2), or have moderate hepatic im-
pairment (Child-Pugh B). In the Safety and
Tolerability of Initiating LCZ696 in Heart Failure
Patients (TITRATION) study, Senni et al. showed
that initiation/uptitration of sacubitril/valsartan from
50 to 200 mg twice daily over 3 or 6 weeks had a
tolerability profile in line with other concomitant HF
treatments, including β-blockers, aldosterone antag-
onists and diuretics, and a more gradual initiation/
uptitration (i.e., over 6 weeks) maximized attainment of
target dose in patients receiving lower doses of ACEI/
ARBs (ACEI/ARBs were stopped for a 36-h washout
period before initiating sacubitril/valsartan) [83].

3. Implementation in specific subgroups
Implementation of LCZ96 in clinical practice may face

challenges in specific subgroups such as patients with
marginally low blood pressure, hospitalized for
acute decompensated HF, with asymptomatic left
ventricular systolic dysfunction (i.e., NYHA Iclass)
or advanced heart failure (i.e., NYHA IV class), and
black people [84], for these patients were excluded
or underrepresented in the published trials associated
with LCZ696 and might be more susceptible to
some adverse events.

Table 5 Summary of main clinical trials with LCZ696 in CKD

Trial or authors Intervention and study population Primary endpoint Adverse events

Voors et al. [71] Post-hoc analysis of PARAMOUNT Protection against eGFR decline (−1.5 vs.
-5.2 mL/min/1.73 m2, P = 0.002).

-

UK HARP-III (N = 404,
ongoing) [74]

LCZ696400 mg qd vs. Irbesartan 300 mg qd; Patients
with eGFR 20–60 mL/min/1.73 m2 or urinary
albumin to creatinine ratio ≥ 20 mg/mol

Change in measured glomerular filtration rate
from baseline to 12 months

-

eGFR Estimated glomerular filtration rate

Table 6 Contraindication of LCZ696

Contraindication of LCZ696

1. Hypersensitivity to any component

2. History of angioedema related to previous ACE inhibitor or ARB
therapy

3. Concomitant use with ACE inhibitors

4. Concomitant use with aliskiren in patients with diabetes

Table 7 Cost-effective analysis of LCZ696 vs. enalapril in patients
with HFrEF

Cost, $ QALYs

Total Incremental Total Incremental ICER, $

Enalapril 83,303 6.02

LCZ696 118,815 35,512 6.80 0.78 45,017

ICER Incremental cost-effectiveness ratio, QALYS Quality-adjusted
life-years
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4. Safety concerns
Nearly 20 % of patients were unable to tolerate

LCZ696 or enalapril treatment during the run-in period
of the PARADIGM-HF trial, especially those with lower
blood pressure, lower glomerular filtration rate, and more
severe heart failure [85]. In view of the common adverse
events of LCZ696 including angioedema, hypotension,
hyperkalemia and impaired renal function, the CHMP
recommends that treatment should not be started in pa-
tients with low blood pressure (SBP < 100mmHg) or high
potassium levels (K+ > 5.5 mmol/L) [77].

5. Contraindications
Contraindications of LCZ696 include patients with a

history of angioedema related to previous ACEI or ARB
therapy, concomitant use with ACEI, and pregnancy. For
patients currently using ACEI, provide a 36-h washout
period when switching from ACEI to LCZ696 to avoid
serious angioedema. Additionally, LCZ696 is also contra-
indicated in patients with hypersensitivity to any of its
components and in diabetic patients when concomitantly
prescribed with aliskiren (Table 6).

6. Drug-drug interaction assessment
Dedicated drug interaction studies demonstrated that

coadministration of LCZ696 with warfarin, digoxin, ator-
vastatin, hydrochlorothiazide, amlodipine, carvedilol,
omeprazole, metformin, or levonorgestrel-ethinyl estradi-
ol was not associated with any clinically relevant pharma-
cokinetic drug interactions [86–90].

7. Cost-effectiveness analysis
The price of LCZ696 is quite high especially compared

with that of enalapril. The wholesale cost for a year of
LCZ696 is $4560 per person as of 2015 [91]. However,
given the substantial health benefits of LCZ696 relative to
enalapril [92], as well as having an incremental cost-
effectiveness ratio of US $45,017 per quality-adjusted
life-year gained, it would remain a cost-effective and com-
monly acceptable choice for HFrEF patients (Table 7)
[93].

Conclusions

LCZ696, a novel combination comprised of neprilysin inhib-
itor sacubitril and angiotensin receptor blocker valsartan, ex-
erts its pharmaceutical action through simultaneous RAAS
blockade and NPS augmentation. It has an advantage over
traditional RAAS inhibition (ACEI or ARB) in lowering
blood pressure in hypertensive patients (particularly for pa-
tients with elderly systolic hypertension and of Asian origin),
reducing cardiovascular mortality in patients with HFrEF, as

well as improving surrogate endpoints (e.g. NT-proBNP) in
patients with HFpEF. Moreover, animal studies suggest that
LCZ696 may also be a promising therapeutic agent for chron-
ic renal disease, post-MI and stroke. Ongoing trials including
PARAGON-HF and UK HARP-III will provide more infor-
mation for clinical consideration. Both the FDA and the
CHMP have approved its indication in patients with HFrEF,
with close surveillance of associated side-effects. Taken to-
gether, there are good grounds to believe that LCZ696 may
herald a new age in the treatment of cardiovascular disease.
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