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Hypertension is a worldwide epidemic that continues to grow, with a subset of pa-

Asia, which constitutes 61% of the global population. Hypertension in Asia is a unique

sartan is a first-in-class angiotensin receptor neprilysin inhibitor that was first used in
heart failure with reduced ejection fraction. Sacubitril inhibits neprilysin, a metallo-
peptidase that degrades natriuretic peptides (NPs). NPs exert sympatholytic, diuretic,
natriuretic, vasodilatory, and insulin-sensitizing effects mostly via cyclic guanosine
monophosphate (cGMP)-mediated pathways. As an antihypertensive agent, sacu-

bitril/valsartan has outperformed angiotensin Il receptor type 1 blockers (ARBs),
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1 | INTRODUCTION

Hypertension is a leading cause of cardiovascular mortality and
morbidity worldwide.! According to the World Health Organization
(WHO), around 1.13 billion people have hypertension globally, with
adequate control in less than 20% of these patients. Worldwide bur-
den of hypertension has been estimated to exceed 1.5 billion people
by 2025.2 In Asia, which constitutes 61% of the global population,
prevalence of hypertension has reportedly ranged from 30% to 47%
across various countries.?? Although much attention and effort
have been put into the control of this disease, results have remained
unsatisfactory.* Up to 75% of patients require simultaneous use of
two or more drugs.! “Treatment-resistant hypertension,” which is
defined as inadequate blood pressure control even with the use of
three or more antihypertensive agents (including a diuretic) at their
highest tolerated doses, is exhibited in approximately 10 to 20% of
patients.’

Even before the debut of sacubitril/valsartan in PARADIGM-HF,®
a double-blind randomized controlled trial that examined its efficacy
in heart failure with reduced ejection fraction, excitement has been
aroused over the potentials of this drug. It is a first-in-class angio-
tensin receptor neprilysin inhibitor (ARNi) that is comprised of sacu-
bitril and valsartan in equal moieties. Sacubitril inhibits the actions
of neprilysin, a metallopeptidase that degrades multiple biologically
active peptides.’>’” Most importantly, neprilysin hydrolyzes natri-
uretic peptides (NPs), namely atrial natriuretic peptide (ANP), B-type
natriuretic peptide (BNP), and C-type natriuretic peptide (CNP). NPs
exert diuretic, natriuretic, vasodilatory, and sympatholytic effects,
which are thus enhanced by sacubitril and, in the long run, translate
into anti-inflammatory, antifibrotic, and antihypertrophic results.®

There has been much interest in the utilization of sacubitril/val-
sartan as a novel antihypertensive agent in the premarket phase. The
presence of resistant hypertension suggests that there are mecha-
nisms to hypertension that are not fully antagonized by the various
classes of medication available. The synergistic actions of sacubitril
and valsartan position sacubitril/valsartan as a possible solution to
resistant hypertension. Its unique diuretic and natriuretic effects
also lead to speculation of its use in certain patient groups, such as
those with salt-sensitive hypertension. In this review, we summarize
the distinctive features of hypertension in Asians, mechanisms of
sacubitril/valsartan as an antihypertensive drug, and current data on

with additional reductions of office systolic blood pressures ranging between 5 and
7 mmHg, in multiple studies in Asia and around the globe. The drug was well tolerated
even in the elderly or those with chronic kidney disease. Its mechanisms of actions
are particularly attractive for treatment of hypertension in Asia. Sacubitril/valsartan
offers a novel, dual class, single-molecule property that may be considered as first-line
antihypertensive therapy. Further investigations are needed to validate its safety for
long-term use and to explore other potentials such as in the management of insulin

resistance and obesity, which often coexist with hypertension in Asia.

sacubitril/valsartan used in hypertension and finally conclude on the
possible subtypes of hypertension that benefit most from sacubitril/

valsartan.

2 | HYPERTENSION IN ASIA

Hypertension in Asia is a unique entity that is distinct from that in other
parts of the world in several ways. These differences arise not only
from ethnicity-specific genetic background but also from the particular
demographics and dietary habits in this region. In addition, the burden
of uncontrolled hypertension is great, with serious consequences.”
Studies have reported variable rates of uncontrolled hypertension in
Asia, ranging from 2.6% to 65.8%.%° The Asia Pacific Cohort Studies
Collaboration demonstrated that hypertension is more strongly asso-
ciated with cardiovascular events in Asians than in Australian or New
Zealand Caucasians.’® This translated into a 4.5 times increased risk
of cardiovascular events in hypertensive patients compared with their
normotensive counterparts.? Incidence of stroke and nonischemic
heart failure is observably higher in Asia compared with Western
countries,'® both of which are strongly associated with hypertension.
It is well known that Asians have higher salt intake than other parts
of the world.’® Salt sensitivity is defined by an increase in blood pres-
sure after sodium Ioading.11 Of note, the anion for sodium is poorly
defined in the conventional definition of salt sensitivity. Although
differential effects of various anions on blood pressure have been

reported ,12'14

over 85% of ingested sodium is consumed as sodium
chloride (NaCl) and it is thus the molecule of interest in most contexts.
In this review, the term salt refers to NaCl. Blood pressure responses
to sodium intake are normally distributed across human populations®*;
thus, the concept of salt sensitivity denotes not a pathologic phenom-
enon, but rather a possible target for blood pressure control. This is es-
pecially relevant in Asia, where dietary sodium is high. Multiple studies
have identified single nucleotide polymorphisms in Asian communities
that are associated with salt sensitivity.!>*>? Sensitivity to sodium
loading also increases with age.’%?° Salt sensitivity is also related to
decreased sodium excretion and impaired vasodilation that are due to
excitement of the renin-angiotensin-aldosterone system (RAAS) and
blunting of the natriuretic peptide (NP) system.?*

Aging is a global trend that is most prominent in Asia. The influ-
ence of aging on blood pressures is complex. As mentioned earlier, salt



SHU-HAN LIN ET AL

ﬂWl LEY

~ Sacubitril
® @ ® o
NPs - Neprilysin - .
9 29 o
@p\r-c
@9 ner-a @)
NPR-C
GC 2T
~--.a GTP  cempP 1
ks cGMP
L I
£ 4
ATP cAMP
| |
Decreased aldosterone Inhibited sympathetic tone Decreased hypertrophy Improved insulin sensitivity
Diuresis Vasodilatation Decreased fibrosis Increased lipolysis
Natriuresis Euglycemia

FIGURE 1 Overview of actions of sacubitril. NPs = natriuretic peptides; NPR = natriuretic peptide receptor; GC = guanylyl
cyclase; GTP = guanosine-5'-triphosphate; cGMP = cyclic guanosine monophosphate; Gi = inhibitory G protein; AC = adenylyl cyclase;
ATP = adenosine triphosphate; cAMP = cyclic adenosine monophosphate. Created with BioRender.com

sensitivity increases with age, with concomitant decrease of glomer-
ular filtration.?® The resultant increase in intravascular volume causes
loss of nocturnal “dipping” of blood pressure, leading to nocturnal hy-
pertension in so-called “nondippers” or even “risers,”?° together with
other mechanisms including sleep-disordered breathing. As patients
age, progressive arterial stiffness leads to widened pulse pressures
and systolic hypertension.?® Increased central pulse pressure, as
measured in the aorta, is the combined result of both aorta stiffness,
aorta geometry, and peripheral wave reflection.'®2%%2 Asians are
shorter in stature compared with Westerners and have smaller aortic
roots. The impact of vascular stiffness on blood pressures may thus
be magnified in Asians; systolic hypertension is therefore expected to
be the predominant type particularly in this population as it continues
to age.’® All in all, hypertension in Asians poses higher risk of car-
diovascular events and is more likely to be salt-sensitive, nocturnal,
and systolic predominant. These are key features to consider when
searching for the ideal treatment in this population.

3 | MECHANISMS OF SACUBITRIL/
VALSARTAN

Sacubitril/valsartan dissociates into sacubitril and valsartan after
intake. Sacubitril, a prodrug also named AHU377, is metabolized in
the liver and converted to its active form, LBQ657, by enzymatic
cleavage.?%?® LBQ657 exerts its effects by inhibiting neprilysin,
which, as mentioned before, hydrolyzes several vasoactive peptides.
Neprilysin is a ubiquitous, membrane-bound metallopeptidase that
is mostly expressed in the renal proximal convoluted tubules.'?*
The most relevant of all substrates of neprilysin are the NPs. ANP
is mainly secreted in the atria and BNP in the ventricles, both in
response to increased filling pressures and cardiac chamber wall
stress.»?% At baseline, serum levels of ANP are markedly higher
than BNP, with the latter significantly increased only in diseased
states. This raises the notion that ANP is responsible for normal ho-
meostasis, whereas BNP acts as a compensatory response to fluid
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TABLE 1 Peptide hormones catabolized by neprilysin and their effects on blood pressures

Name Actions

Effect on blood pressures Effect by valsartan

Adrenomedullin Systemic vasodilation and new angiogenesis Decrease Increase levels
Angiotensin Il Systemic vasoconstriction and cardiovascular remodeling Increase Antagonism
Bradykinin Systemic vasodilation and cough stimulation Decrease Possibly increase levels, but
generally neutral
Endothelin-1 Systemic vasoconstriction Increase Decrease levels
Glucagon Released from the « cells of pancreas; glycogen catalysis Increase Possibly increase levels
and blood glucose increase
NPs Systemic vasodilation; diuresis, and natriuresis Decrease Increase levels
Neurotensin Regulation of luteinizing hormone and prolactin; systemic Biphasic Unknown
vasodilation through interaction with the dopaminergic
system
Oxytocin Facilitation in child birth Decrease Possibly increase levels
Substance P Cough production Decrease Neutral

Aging High salt intake

T

Increased
salt sensitivity

Increased
arterial stiffness

Sacubitril/
Valsartan /

Nocturnal hypertension
(non-dippers/risers)

Salt sensitive
hypertension

Systolic (central)
hypertension

FIGURE 2 Characteristics of hypertension in Asians that are
targets of sacubitril/valsartan. Created with BioRender.com

overload.?” CNP is synthesized predominantly by vascular endothe-
lia when triggered by inflammatory cytokines and during endothelial
dysfunction; its relationship with the cardiovascular system is still
under investigation.?>2*

The NPs act through NP receptors (NPRs), types A (NPR-A),
B (NPR-B), and C (NPR-C) (Figure 1). ANP and BNP are ligands of
NPR-A, whereas NPR-B is activated by CNP. NPR-A and NPR-B are
guanylyl cyclase-bound receptors that exert downstream diuretic,
natriuretic, and vasodilatory effects through the production of cyclic
guanosine monophosphate (cGMP).27?* NPR-C, on the other hand,
is bound to inhibitory G proteins and decreases intracellular levels
of cyclic adenosine monophosphate (cAMP). NPR-C was initially
thought to be responsible primarily for the degradation of NPs,?* but
has now been shown to mediate vasodilatation through regulation of

potassium channels and may also inhibit atrial fibrosis.?4??

Diuresis and natriuresis are the principal effects of the NPs.
ANP promotes diuresis and natriuresis through cGMP-induced sup-
pression of sodium reabsorption in the inner medullary collecting
ducts.?* These effects are executed through inhibition of apical ami-
loride-sensitive Na + channels and basolateral Na+-K+-adenosine
triphosphatases, with the former responsible for passive reabsorp-
tion of sodium into the epithelial cells and the latter for active pump-
ing of sodium into the blood.?*%° Thus, ANP-induced diuresis has
little effect on serum potassium and uric acid levels.” The effects of
BNP on sodium handling are similar to those of ANP.?42°

Besides modulating water and sodium balance, NPs also exhibit
potent vasodilatory effects via various pathways. ANP triggers the
production of nitric oxide (NO) by Ca2+/calmodulin-dependent
endothelial NO synthase through the actions of cGMP-dependent
phosphokinase G (PKG), which in turn leads to arteriole vasodilata-
tion.%° This effect is also presentin the aorta, ventricles, and kidneys.
ANP also exerts similar effects via NPR-C, with which inhibitory G
proteins act to suppress adenylyl cyclase and decrease intracellu-
lar cAMP. In addition, ANP acts on the juxtaglomerular apparatus
via Ca2+-independent effects of cGMP, thereby reducing renin se-
cretion.®® By inhibiting the RAAS and sympathetic nervous system,
ANP excites vagal afferent fibers which in turn decreases peripheral
vascular resistance.?*

As sacubitril suppresses the actions of neprilysin, it indi-
rectly augments the aforementioned processes of the NP system.
Interestingly, targets of hydrolysis by neprilysin include not only
NPs, but also several other vasoactive peptide, including angiotensin
| (Ang 1), adrenomedullin (ADM), bradykinin (BK), neurokinin A, neu-
ropeptide Y, substance P, and endothelin (ET-1).7%* Isolated antag-
onism of neprilysin may thus induce counter-regulatory responses
that negates the desirable actions of NPs. Simultaneous suppression
of both the RAAS by valsartan and neprilysin by sacubitril exhib-
its greater results than inhibition of either alone. Target peptides
of neprilysin, their effects on blood pressure, and how they are
affected by valsartan are listed in Table 1. The targeted actions of
sacubitril on sodium handling and vasodilatation are thus especially
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TABLE 2 Studies on sacubitril/valsartan in hypertension in Asia

Title Conditions Age Ethnicity Enrollment
Efficacy and Safety of LCZ696, a First-in-Class 1. Office SBP 2 140 and < 180 mmHg, and >18 Asian 389
Angiotensin Receptor Neprilysin Inhibitor, in 2. Office DBP 2 95 and < 110 mmHg
Asian Patients With Hypertension (Kario et al,®®
2014)
Safety and efficacy of LCZ696, a first-in-class 1. msSBP 2 140 and < 180 mmHg, and 220 Asian 32
angiotensin receptor neprilysin inhibitor, in 2. eGFR 2 15 and < 60 ml/min/1.73 m?
Japanese patients with hypertension and renal
dysfunction (Ito et al,3¢ 2015)
Efficacy and Safety of Sacubitril/Valsartan (LCZ696) 1. Office SBP 2 150 and < 180 mmHg, and 265 Asian 588
Compared With Olmesartan in Elderly Asian 2. Difference between msSBP at randomization
Patients (265 Years) With Systolic Hypertension and previous visit < 15 mmHg
(Supasyndh et al,®> 2017)
Long-term (52-week) safety and efficacy of 1. Office SBP 2 140 and < 180 mmHg, and >18 Asian 341
Sacubitril/valsartan in Asian patients with 2. Office DBP 2 95 and < 110 mmHg
hypertension (Supasyndh et al,** 2017)
Efficacy and safety of sacubitril/valsartan (LCZ696) 1. Treatment naive, msSBP > 150 218 Asian 266
add-on to amlodipine in Asian patients with and < 180 mmHg, or
systolic hypertension uncontrolled with 2. Previously treated, msSBP > 145
amlodipine monotherapy (Wang et al,®% 2017) and < 180 mmHg
Effects of Sacubitril/Valsartan (LCZ696) on 1. Treatment naive, SBP = 140 and < 180 mmHg, >18 Asian 72
Natriuresis, Diuresis, Blood Pressures, and NT- or
proBNP in Salt-Sensitive Hypertension (Wang 2. Previously treated, SBP > 120
etal,?! 2017) and < 160 mmHg, and < 180 mmHg after
washout
Efficacy and safety of sacubitril/valsartan compared 1. Treatment naive, msSBP > 150 218 Asian 1438
with olmesartan in Asian patients with essential and < 180 mmHg, or
hypertension: A randomized, double-blind, 2. Previously treated, msSBP > 140

8-week study (Huo et al,’* 2019)

and < 180 mmHg, and = 150 and < 180 mmHg
after washout

attractive in the treatment of hypertension in Asians, which, as pre-
viously mentioned, are strongly related to salt sensitivity and vascu-
lar aging (Figure 2).

4 | EFFICACY AND SAFETY OF
SACUBITRIL/VALSARTAN AS AN
ANTIHYPERTENSIVE AGENT

Efficacy of sacubitril/valsartan as an antihypertensive agent has
been studied mostly in comparison with a single angiotensin Il re-
ceptor type 1 blocker (ARB) (Tables 2 and 3). Studies have demon-
strated consistent blood pressure reductions by sacubitril/valsartan
that is superior to its competitors. The role of sacubitril/valsartan

as add-on therapy in uncontrolled hypertension has also been vali-
dated in selected studies. However, data comparing the effects of
sacubitril/valsartan to other drug classes (namely beta blockers, thi-
azide diuretics, and calcium channel blockers) are lacking. Patients
with certain comorbidities, such as diabetics, chronic kidney disease,
and the obese, are also poorly represented in the present literature.
Nonetheless, investigations are ongoing, and the body of evidence
regarding the use of this drug is expected to grow.

Reported in 2010, Ruilope et al®® conducted a double-blind
study that recruited 1328 patients with mild-to-moderate hyperten-
sion between 18 and 75 years of age and randomly assigned them
to one of eight groups: 100 mg, 200 mg, or 400 mg of sacubitril/
valsartan; 80 mg, 160 mg, or 320 mg of valsartan; 200 mg of sacu-
bitril; or placebo. Patients received eight weeks of the allocated
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Study design Intervention
Multicenter, Sacubitril/valsartan 100 mg QD vs sacubitril/
randomized, valsartan 200 mg QD vs 400 mg QD vs
double-blind placebo
Multicenter, Initiate with sacubitril/valsartan 100 mg QD,
open-label followed by a stepwise optional dose titration
to 200 and 400 mg
Multicenter, Sacubitril/valsartan vs olmesartan, starting with
randomized, 100 mg or 10 mg QD; doses were increased
double-blind to sacubitril/valsartan 200 mg or olmesartan
20 mg at week 4, and then to 400 mg or 40 mg
at week 10 if BP > 140/90 mmHg
Multicenter, Start with sacubitril/valsartan 200 mg QD,
open-label increased to 400 mg if msSBP = 140 mmHg
or msDBP 2 90 mmHg after 4 weeks;
after four weeks, amlodipine 5-10 mg and
hydrochlorothiazide 6.25-25 mg were
added at any visit if msSBP > 140 mmHg or
msDBP > 90 mmHg
Multicenter, Sacubitril/valsartan 200 mg QD + amlodipine
randomized, 5 mg QD vs amlodipine 5 mg QD
double-blind
Multicenter, Sacubitril/valsartan 400 mg or valsartan 320 mg
randomized, QD for 4 weeks, followed by a washout period
double-blind of 1 to 2 weeks, then crossed over and treated
for 4 weeks
Multicenter, Sacubitril/valsartan 200 mg QD vs sacubitril/
randomized, valsartan 400 mg QD vs olmesartan 20 mg QD
double-blind

Length of follow up

8 weeks

8 weeks

14 weeks

12 months

8 weeks

4 weeks in each
treatment
period

8 weeks

Wi LEYM

Results

Sacubitril/valsartan was superior to placebo
in reduction of clinic DBP, SBP, and pulse
pressures across all doses.

Geometric mean reduction in UACR was 15.1%;
mean reduction in msSBP and msDBP was
20.5+11.3and 8.3 + 6.3 mmHg.

Sacubitril/valsartan resulted in greater reduction
of msSBP than olmesartan only (-22.71 vs.
-16.11 mmHg, respectively; P < .001).

Sacubitril/valsartan-based regimen significantly
reduced msSBP and msDBP from baseline
(-24.7 and - 16.2 mmHg), with 75.3, 90.6
and 87.6% response rates in overall BP
control, msSBP and msDBP

Sacubitril/valsartan with amlodipine led to
greater reductions in 24-h SBP compared
with amlodipine monotherapy from baseline
(-13.9 vs -0.8 mmHg, P < .001).

Sacubitril/valsartan was associated with a
significant increase in natriuresis (adjusted
treatment difference: 24.5 mmol/6 hours,
50.3 mmol/24 hours, both P < .001)
and diuresis (adjusted treatment
difference: 291.2 mL/6 hours, P < .001;
356.4 mL/24 hours, P = .002) on day 1, with
greater reductions in office and ambulatory
blood pressure on day 28.

Sacubitril/valsartan provided larger decreases
in msSBP compared to olmesartan at week 8
(between-treatment difference: -2.33 mmHg
[95% confidence interval (Cl) -4.00
to - 0.66 mmHg], P < .05 for noninferiority
and superiority for 200 mg; -3.52 [-5.19
to - 1.84 mmHg], P < .001 for superiority for
400 mg).

treatment and mean sitting diastolic blood pressure were analyzed.
The average reduction in mean sitting diastolic blood pressure (DBP)
was significantly greater with sacubitril/valsartan across different
doses (mean additional reduction: 2.2 mmHg, 95% CI -3.3 to -1.1;
P <.0001). The drug was well tolerated and there were no reported
cases of angioedema. A multicenter, double-blind, randomized con-
trolled trial by Izzo et al®? further examined the potency and safety
of 400 mg sacubitril/valsartan compared with 320 mg free valsar-
tan in conjunction with placebo or increasing doses of free sacubitril
(50, 100, 200, or 400 mg once daily) in patients over 18 years old
with mild-to-moderate hypertension. A total of 852 patients com-
pleted the study. Primary endpoint was the change in office systolic
blood pressure (SBP) from baseline to week eight. The combination
of sacubitril/valsartan 400 mg resulted in greater decrease of office

SBP and 24-hour ambulatory SBP than free valsartan 320 mg (-5.7
and -3.4 mmHg, respectively, P < .05 each). Adverse event rates
were similar between sacubitril/valsartan and free valsartan with
placebo.

Motivated by the favorable features of Asian hypertension,
several trials have been conducted in Asia, supporting the use of
sacubitril/valsartan as an antihypertensive drug in these patients.

Kario et al*®

were among the first to demonstrate the efficacy of
sacubitril/valsartan in Asians with hypertension. Three hundred
and sixty two patients with mild-to-moderate hypertension beyond
18 years of age completed the study and were randomized to receive
sacubitril/valsartan 100 mg, 200 mg, 400 mg, or placebo for eight
weeks. Primary endpoints were mean decreases in clinic DBP mea-

sured after eight weeks of treatment. After eight weeks, changes in
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TABLE 3 Global studies on sacubitril/valsartan in hypertension

Title Conditions Age Ethnicity Enrollment
Blood pressure reduction with LCZ696, a novel 1. Treatment naive, msDBP 95- 18-75 Multi-ethnic; 87% 1328
dual-acting inhibitor of the angiotensin 109 mmHg, or white
Il receptor and neprilysin: a randomised, 2. Previously treated, msDBP 90-
double-blind, placebo-controlled, active 109 mmHg after washout
comparator study (Ruilope et al,** 2010)
Efficacy and Safety of Crystalline Valsartan/ 1. Office SBP = 150 and < 180 mmHg, 218 Multi-ethnic; 68.4% 907
Sacubitril (LCZ696) Compared With Placebo and white
and Combinations of Free Valsartan 2. Office DBP = 70 mmHg
and Sacubitril in Patients With Systolic
Hypertension: The RATIO Study (Izzo et al,*?
2017)
Effects of Sacubitril/Valsartan Versus 1. Treatment naive, msSBP = 150 >60 Multi-ethnic; 64.3% 432
Olmesartan on Central Hemodynamics in and < 180 mmHg, or white
the Elderly With Systolic Hypertension: The 2. Previously treated, msSBP = 140
PARAMETER Study (Williams et al,¢® 2017) and < 180 mmHg, and > 150
and < 180 mmHg after washout
Efficacy and safety of sacubitril/valsartan 1. Treatment naive, msSBP > 150 218 Multi-ethnic; 57.6% 376
in patients with essential hypertension and < 180 mmHg, or white

uncontrolled by olmesartan: A randomized, 2. Previously treated, msSBP > 145

double-blind, 8-week study (Cheung et al,®
2018)

clinic DBP were - 7.8, -7.3, and - 8.8 mmHg for sacubitril/valsar-
tan 100, 200, and 400 mg, respectively, compared with placebo (all
P < .0001). Nasopharyngitis and upper respiratory tract infections
were the most frequently reported adverse events, with the former
occurring equally among all treatment groups and the latter arising
more often in the 100 mg group. Allin all, the drug was well tolerated
with minimal adverse events across all groups.

After completion of the eight-week core study, the same group
of patients were followed in a 52-week extension to assess the long-
term safety, tolerability, and efficacy of sacubitril/valsartan.3* In this
52-week open-label study, patients received 200 mg sacubitril/val-
sartan daily, with the dose increased to 400 mg if blood pressures
remained uncontrolled after four weeks. After four weeks, amlodip-
ine 5-10 mg and hydrochlorothiazide 6.25-25 mg were added every
four weeks in incremental doses if blood pressure control was still
inadequate. As seen in the eight-week core study, the most frequent
adverse events were nasopharyngitis (18.2%) and dizziness (8.8%).
There was a case of transient angioedema that resolved sponta-
neously in 2.5 hours but led to withdrawal of the treatment drug.
Sacubitril/valsartan provided reliable decreases in blood pressures

and < 180 mmHg after washout

throughout the 52 weeks, with 75.3% of patients achieving ade-
quate blood pressure control. The majority of patients did not re-
quire add-on amlodipine or hydrochlorothiazide.

Wang et al?!

demonstrated the impact of sacubitril/valsartan
on salt-sensitive hypertension in Asians in a randomized, dou-
ble-blind, crossover study that compared sacubitril/valsartan
400 mg with valsartan 320 mg. Seventy-two patients with de-
fined salt-sensitive hypertension were involved in the study, with
the primary outcome being cumulative 6- and 24-hour sodium
excretion after the first dosage given. Administration of sacubi-
tril/valsartan resulted in more pronounced natriuresis and diure-
sis on day 1 but not on day 28. Although sodium excretion were
similar between the two treatment arms by day 28, blood pres-
sures and serum N-terminal pro B-type natriuretic peptide (NT-
proBNP) levels were significantly lower in the sacubitril/valsartan
group, suggesting that mechanisms to lower blood pressure and
decreased cardiac chamber wall stress were not solely dependent
on natriuresis. Despite daytime dosing, blood pressure reductions
were more pronounced at night with both sacubitril/valsartan and
valsartan. Both sacubitril/valsartan and valsartan only were well
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Study design Intervention

Multicenter, randomized,
double-blind

Sacubitril/valsartan 100 mg vs sacubitril/

400 mg vs
80 mg valsartan vs
160 mg valsartan vs
320 mg valsartan vs
200 mg sacubitril vs
placebo

Multicenter, randomized,
double-blind

Sacubitril/valsartan 400 mg QD vs free
valsartan 320 mg QD with placebo or
increasing doses of free sacubitril (50,
100, 200, or 400 mg QD)

Multicenter, randomized,
double-blind 20 mg for 4 weeks, then doubled

doses. If msSBP > 140 mmHg or

msDBP > 90 mmHg after 12 weeks,

amlodipine (2.5-5 mg) followed by

hydrochlorothiazide (6.25-25 mg) were

added every 4 weeks up to week 24

Multicenter, randomized,
double-blind

Addition of sacubitril/valsartan 200 mg

Olmesartan 20 mg QD

tolerated, with stable patient body weight and serum electrolytes
throughout the study period.

The elderly Asian with systolic hypertension was addressed
in a randomized, double-blind study by Supasyndh et al*® 588 pa-
tients over 65 years of age with mean sitting SBP between 150 and
180 mmHg were randomized to sacubitril/valsartan or olmesartan,
starting with 100 mg or 10 mg once daily, respectively. Doses were
increased to sacubitril/valsartan 200 mg or olmesartan 20 mg at
week 4 and then further up-titrated to 400 mg or 40 mg at week
10 if blood pressures remained greater than 140/90 mmHg. Primary
efficacy assessment was reduction of SBP at week ten. At week
ten, treatment with sacubitril/valsartan resulted in greater reduc-
tion of SBP than olmesartan only (22.7 vs. 16.1 mmHg, respectively;
P < .001). Sacubitril/valsartan was also superior in other secondary
assessments, including mean sitting pulse pressure and mean am-
bulatory pulse pressure. Three patients in the sacubitril/valsartan
group discontinued treatment due to serious adverse events, but
were not related to the study drug. Changes in renal function and
serum electrolyte levels were negligible. Both treatments were gen-
erally well tolerated.

valsartan 200 mg vs sacubitril/valsartan

Sacubitril/valsartan 200 mg vs olmesartan

QD to uncontrolled hypertension under
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Length of follow
up Results

13 weeks
(8 weeks of
treatment)

Sacubitril/valsartan significantly decreased
msDBP compared to valsartan only (mean
reduction: -2.17 mm Hg, 95% Cl -3.28 to
-1.06; P <.0001); 200 mg of sacubitril/
valsartan was superior also to 160 mg
valsartan (msDBP reduction -2.97 mm Hg,
95% Cl -4.88 to -1.07, P = .0023), as was
400 mg sacubitril/valsartan to 320 mg
valsartan (msDBP reduction -2.70 mm Hg,
-4.61to -0.80, P = .0055).

8 weeks Sacubitril/valsartan 400 mg resulted in greater

reductions in sitting office SBP and 24-
hour ambulatory SBP than with valsartan
320 mg (-5.7 and -3.4 mmHg, respectively,
P < .05 each)

52 weeks Sacubitril/valsartan resulted in greater

reductions of central aortic systolic
pressure than olmesartan at week 12 by
a difference of - 3.7 mmHg (P = .010).

At week 52, there were no differences
between blood pressure parameters of
the two groups; however, more patients
required add-on antihypertensive therapy
with olmesartan (47%) versus sacubitril/
valsartan (32%; P < .002).

8 weeks Addition of sacubitril/valsartan led to superior

reductions in 24-hour mean ambulatory
systolic BP vs olmesartan alone (-4.3 mm
Hg vs - 1.1 mm Hg, P < .001); sacubitril/
valsartan was also superior for reductions
in 24-hour mean ambulatory DBP, pulse
pressures and office SBP and DBP.

Hypertension in the elderly is characterized not only by a greater
contribution of arterial stiffness, but also decreased glomerular fil-
tration and larger percentage of patients with comorbidities such
as chronic kidney disease. In an eight-week, multicenter, open-la-
bel study, Ito et al*® evaluated the efficacy and safety of sacubitril/
valsartan in 31 Japanese patients over 20 years old with hyperten-
sion and moderate-to-severe renal dysfunction, defined as an eGFR
between 15 and 60 ml/min/1.73 m2. Patients received 100 mg
sacubitril/valsartan daily for two weeks, after which doses were in-
creased to 200 mg daily if blood pressures remained greater than
130/80 mmHg. Doses were further up-titrated to 400 mg daily if
blood pressure control was still inadequate after another two weeks.
Blood chemistry, including blood urea nitrogen (BUN), creatinine, so-
dium, potassium, and urine albumin to creatinine ratio (UACR), were
analyzed. After eight weeks of treatment, patients achieved a mean
reduction of mean sitting SBP and mean sitting DBP of 20.5 + 11.3
and 8.3 + 6.3 mm Hg, respectively. On average, UACR decreased by
15.1%. Changes in serum electrolytes, BUN, creatinine, and eGFR
were insignificant. There were a total of 14 adverse events, with
most being nasopharyngitis, and none were severe.
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In summary, multiple studies have consistently demonstrated the
superiority of sacubitril/valsartan compared with ARB in blood pres-
sure control, with substantial evidence in Asians. This was further

validated by meta-analyses®”4°

that showed superior blood pressure
control by sacubitril/valsartan compared with ARBs. On average, re-
ported additional reductions of average SBP in treatment arms receiv-
ing sacubitril/valsartan (at up to 400 mg per day) ranged between 5
and 7 mmHg. Although the methods of assessment and treatment
protocol varied across studies, there seems to be a trend in more
prominent blood pressure reductions in trials that enrolled Asians. This
possibly reflects on how sacubitril/valsartan targets mechanisms in
hypertension that are particularly essential to physiology of the dis-
ease in Asians. Currently, meta-analyses that focused on Asian data are

lacking. Further investigations are needed to shed insight on this issue.

5 | SPECIAL CONSIDERATIONS

As urbanization continues in the Asian society, prevalence of
obesity has grown dramatically. According to the WHO, there are
approximately 6.6 million children under 5 years and one in five
adults who are overweight in Asia. Asian populations are gener-
ally slimmer than Caucasian, yet the prevalence of hypertension
in Asia is similar to global rates. The combination of hypertension,
impaired fasting glucose, dyslipidemia, and obesity denotes the
metabolic syndrome. Wang et al have shown that cutoff values
for both body mass index and waist circumference that correlate
with the presence of hypertension and other metabolic syndrome
features were lowest in East Asian populations and highest in
South Asian populations.*! This suggests that Asian populations
are prone to developing obesity-related metabolic derangements.
Proposed mechanisms of obesity-induced hypertension include
excitement of the sympathetic system, activation of the RAAS,
impaired pressure natriuresis, and vascular endothelial dysfunc-
tion.*?*® Sacubitril/valsartan targets several of these mechanisms
(Figure 1), thus posing as an appealing choice of therapy for these
patients. The use of instruments, such as a bioimpedance device,
to assess changes in volume status in patients treated with sacubi-
tril/valsartan may shed insight on this issue. 44

Interestingly, over the past few years there is emerging evidence
that obesity and type 2 diabetes mellitus may represent a state of
“natriuretic handicap.”*® Magnusson et al*® followed 1828 nondia-
betic patients for a median of 16 years, 301 of which developed di-
abetes during follow up. There was an inverse association between
baseline serum ANP and the incidence of diabetes. Haufe et al*’
demonstrated how physical exertion in the obese acutely stimu-
lates ANP secretion, whereas modest diet-induced weight loss led
to decreased NPR-C levels, implicating decreased clearance of NPs.
Khan et al*® elucidated how, while obesity alone was associated with
minor reductions in plasma NT-proBNP levels, insulin resistance cor-
related with significant decreases in NT-proBNP. NPs have been
shown to involve in multiple metabolic processes, including lipolysis,

lipid oxidation, and the browning of white adipose tissue.*>*?>! In

a multicenter, randomized, double-blind study by Jordan et al,”? 92
patients with obesity and hypertension were allocated to sacubitril/
valsartan 400 mg daily and amlodipine 10 mg daily. Insulin sensitiv-
ity and lipolysis were examined at baseline and at eight weeks, via
hyperinsulinemic-euglycemic glucose clamp, abdominal adipose tis-
sue microdialysis and whole-body glycerol tracer. After eight weeks,
sacubitril/valsartan was associated with significant increases in insu-
lin sensitivity. In a post hoc analysis of 3778 patients with known di-
abetes or an HbA1c = 6.5% at screening in the PARADIGM-HF trial,
the decrease in HbAlc was significantly greater in patients receiving
sacubitril/valsartan compared with those receiving enalapril (overall
reduction 0.14%, 95% CI 0.06-0.23, P = .006) over the full duration
of follow-up.>®

Serum BNP and NT-proBNP levels are commonly used biomarkers
in the care of patients with heart failure. They are useful in the eval-
uation of chronic heart failure, diagnosis of acute heart failure, and
providing prognostic information.>*>% Because sacubitril inhibits the
degradation of NPs by neprilysin but simultaneously reduces cardiac
wall stress, how sacubitril affects NP levels as a whole has elicited
much debate. BNP and NT-proBNP are products of proBNP cleavage,
which occurs upstream of the actions of neprilysin. BNP is a target of
neprilysin, while NT-proBNP is eliminated by alternative mechanisms.
Therefore, serum levels of BNP increase as a result of suppressed
degradation with sacubitril use, but may also concurrently decrease
due to improved hemodynamics.””>’ The net effect of sacubitril on
serum BNP levels may thus vary on a patient-to-patient basis and test
results should be interpreted with caution. The test performance of
NT-proBNP is hardly affected by sacubitril use, and changes in serum
levels more likely reflect changes in cardiac stress.

The majority of international and regional hypertension guide-
lines advocate early or initial use of combination antihypertensive
therapy, ideally in a single pill, composed of angiotensin-convert-
ing enzyme inhibitors or ARB and dihydropyridine calcium chan-
nel blockers or thiazide diuretics.®%? Sacubitril/valsartan offers a
novel, dual class, single-molecule property that may also be consid-
ered as first-line therapy. Despite its many beneficial effects, the
costs of sacubitril/valsartan may limit its use in hypertension, es-
pecially in developing countries. Costs and effectiveness of sacubi-
tril/valsartan as an antihypertensive agent remain to be evaluated.
In particular, natriuretic and diuretic effects of sacubitril may have
significant overlap with that of thiazides, though through different
molecular mechanisms. Currently, there are no studies comparing
sacubitril/valsartan against the combination of a thiazide plus an
ARB. Although it is known that sacubitril also exerts vasodilatory,
antihypertrophic, and antifibrotic effects, whether these actions
translate into benefits beyond that of thiazides in a cost-effective
manner needs further investigation.

6 | FUTURE PERSPECTIVES

Sacubitril/valsartan, a first-in-class ARNi, has gained much atten-
tion over the past years due to its remarkable actions in heart failure
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with reduced ejection fraction. Studies have scrutinized its actions
in various patient populations, including those with hypertension.
Trials have confirmed the efficacy and short-term safety outcomes
of sacubitril/valsartan in hypertension, with the longest period for
which patients were followed being 52 weeks. However, hyperten-
sion is a chronic disease that requires treatment for decades; the
safety profile of sacubitril/valsartan for such an extended length
of time is unknown. Neprilysin also degrades amyloid §§ peptides,
the accumulation of which may predispose to Alzheimer disease,
age-related macular degeneration, and cerebral amyloid angiopa-
thy.>” This is thus the most concerning issue regarding long-term
use of sacubitril/valsartan, which necessitates further research and
validation.

At present, data on the use of sacubitril/valsartan in hyperten-
sive patients are promising. Sacubitril/valsartan is superior to valsar-
tan and olmesartan in mild-to-moderate hypertension, and is safe
in the elderly patients and those with chronic kidney disease. It is
especially effective in those with salt-sensitive and systolic hyper-
tension, both of which are typical features of Asian hypertension.
In addition, sacubitril/valsartan poses a novel approach to obesity
and insulin resistance, with the prevalence of both increasing in Asia.
Application of sacubitril/valsartan in the obese or diabetic Asians is
thus an attractive topic for future research.
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