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The average prevalence of chronic heart failure in the adult population, according to the statistics of different countries, ranges
from 1.5 % to 5.5 % and therefore the study of this problem and of finding new approaches to the treatment of chronic heart
failure is also still relevant at present.

Objective is to show an innovative strategy in the treatment of chronic heart failure, to show the benefits of using the combined
drug sacubitril/valsartan (LCZ696) in comparison with the group of the mentioned above drugs for treating patients with chronic
heart failure and a reduced left ventricular ejection fraction, according to the results of a large randomized clinical research,
based on its biochemical properties.

Conclusions. The main positive effects of sacubitril and valsartan in patients with chronic heart failure are associated with
an increase in the amount of the natriuretic peptide and the simultaneous suppression by valsartan of the negative effects
of angiotensin II. The indication for the use of the sakubitril / valsartan complex is chronic heart failure (Il — IV FC according
to the NYHA classification) in patients with systolic dysfunction in order to reduce the risk of cardiovascular mortality and
hospitalization for heart failure.

HaamonekyrspHUM KOMNAEKC caKy6iTpua/BancapTaH -
nepLw1i NpeACTaBHMK HOBOTO KAACy npenapariB AAA AiKyBaHHA XPOHiuHOi cepLieBoi
HeAOCTaTHOCTI

T. B. AweynoBa, K. M. KomnaHieup, H. M. fepacumuyk

CepefHil NokasHUK NOLWMPEHOCTi XPOHIYHOT CepLIEBOi HEAOCTATHOCTI Cepes; LOPOCOro HACENEHHS, 3a JaHNMU Pi3HKX KpaiH,
cTaHoBuTb Big 1,5 % 10 5,5 %, TOMy aKTyanbHUM € BUBYEHHS L€l Npobnemun Ta noLuyk HOBUX MiaXodiB Tepanii XpOoHiYHOT
CepLeBOi HeQOCTaTHOCTI.

MeTta po60oTu — nokasatu iHHOBALliHY CTpaTerito B NiKyBaHHi XPOHIYHOI CepLieBOi HEOCTATHOCTI, NEpPeBary 3acTocyBaHHS
kombiHoBaHoro npenaparty cakybitpun/sancaptaH (LCZ696) nopiBHsiHO 3 rpynoto npenapartis Ans NikyBaHHS NauieHTiB i3
XPOHIYHOIO CEpLIEeBOK0 HEAOCTATHICTIO, 3HMXXEHOIO (hpaKLietd BUKUAY NMiBOTO LUMNYHOYKA, 3@ pesyrkrataMut BENWKUX paHAoMi-
30BaHMX KIiHIYHUX JOCNIZKEHD, IPYHTYHOUNCH Ha MOro BIOXiMIYHMX BNACTUBOCTSIX.

BucHoBku. OcHOBHI NO3UTUBHI edrekTn cakybiTpuny Ta BancapTaHy B NaLEHTIB i3 XPOHIYHOK CepLIEBOK0 HEOOCTATHICTIO
NOB'A3aHi 3i 36iMNbLUEHHAM KiNbKOCTI HATPINYPETUYHOMO NenTuay Ta OAHOYACHWM MPUrHIYEHHSIM BanCapTaHOM HeraTuBHUX
edpekTiB aHrioTeH3unHy |I. MokasaHHsM 4515 3aCTOCyBaHHs KOMMEKCy cakybiTpun/BancapTaH € XpoHiyHa ceplLeBa HegocTar-
HicTb (II-1V @K 3a knacudpikauieto NYHA) B navuieHTiB i3 CUCTOMIYHOK ANCHYHKLIEKD ANS 3HWXKEHHS PU3MKY CEPLIEBO-CYANHHOI
CMepTHOCTI Ta rocnitanisalii 3 npuBogy cepLeBOi HeJOCTaTHOCTI.

HaamoAeKyApHBIN KOMNAEKC CaKyOMTPUA/BancapTaH - NepBbii NPeACTaBUTEAD
HOBOr0 KAacca npenapaTtoB AAA A€YEHUSl XPOHUUYECKOW CepACUHOU HEeAOCTAaTOUHOCTH

T. B. AweynoBa, K. H. Komnanueu, H. H. fepacumuyk

CpenHwid nokasaTerb pacnpoCTPaHEHHOCTU XPOHUYECKON CEepAEYHON HELOCTAaTOMHOCTW Cpeay B3pOCHOro HaceneHus, no
[aHHbIM pasHbIX cTpaH, coctaenset ot 1,5 % [0 5,5 %, NnoaToMy akTyaribHbIM OCTaeTCcsa U3yyeHne 3Ton Npobrnemsl 1 NoUck
HOBbIX NOAXOLOB Tepanui XPOHUYECKON CEPAEYHON HEAOCTaTOYHOCTH.

Llenb pa6oTbl — NokasaTb MHHOBALMOHHYKO CTPATETMIO B NEYEHWUM XPOHMYECKON CEPAEYHON HEQOCTaTOYHOCTH, NokasaTh
npenMyLLecTBa NPUMEHeHNsT KOMBUHMPOBAHHOIO Npenapata cakybutpun / BancaptaH (LCZ696) B cpaBHeHuu ¢ rpynnow
npenapaToB Ansl NIEYEHS NaLMEHTOB C CepAeYHOI HELOCTATOMHOCTbIO U CHIKEHHOW chpakLmeil Bbibpoca NeBoro xenyaoyka,
Mo pesynbTatam KpyrnHbIX PaHAOMU3VUPOBaHHbIX KITMHUYECKUX UCCNEN0BaHMI, OCHOBBLIBAsICh Ha 1o BUOXMMUYECKUX CBOACTBAX.

BbiBogbl. OCHOBHbIE NONOXUTENbHbIE 3PeKTbl CakybuUTpuna n BancapTaHa y naLMeHToOB C XPOHUYECKOI CEpAEYHON Hefjo-
CTaTO4YHOCTBIO CBSA3aHbI C YBEMMYEHNEM KONMYECTBA HATPUINYPETUYECKOTO NenTIaa M OOHOBPEMEHHBIM NOLABNEHVEM Barcap-
TaHOM HeraTVBHbIX 3hPeKkTOB aHrnoTeH3unHa |l. MokasaHuem 4N NpUMeHeHUs KoMMnekca cakybuTpun/sancapTaH sBnsieTcs
XpOoHU4Yeckas cepaedHas HegoctatodHocTb (II-1V @K no knaceudmkaumm NYHA) y naumneHToB ¢ CUCTONMYECKO ANCHhYHKLUMeER
C LIEMNbI0 CHUKEHNS pUCKa CEepAEYHO-COCYAMCTON CMEPTHOCTY 1 FOCMUTaNM3aLmm no NoBoAy CepAeYHON HelOCTaTOHMHOCTH.
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Chronic heart failure (CHF) is a pathological condition
where the heart, due to impaired pumping function,
cannot provide organs and tissues with the necessary
amount of blood in accordance with the metabolic needs
of the tissues.

From a clinical point of view, CHF is a syndrome,
the typical features of which are a decrease in exercise
tolerance, fluid retention, progressive nature and a limited
life expectancy.

The average prevalence of CHF in the adult popu-
lation, according to the statistics of different countries,
ranges from 1.5 % to 5.5 % (these fluctuations may, in
particular, be associated with the lack of unified interna-
tional epidemiological criteria for CHF). With age, CHF is
progressively increasing, accounting for 10 % or more of
those over 70 years old.

The incidence (the number of cases of newly diag-
nosed CHF during the year in the population) ranges from
150 to 500 cases per 100 thousand people (0.15-0.50 %),
moreover among people over 45 years old, this figure
doubles every 10 years. Thus, given the high prevalence
of CHF in the examined patients, the study of this problem
continues to be relevant at present. Despite the results
achieved, the problem of finding new approaches to
the treatment of CHF is also still relevant (Heart Disease
and Stroke Statistics, 2016).

At least half of patients with CHF have a reduced left
ventricular ejection fraction (LVEF).

The rest of the patients are patients with preserved
LVEF EF. Among the latter, in comparison with patients
with reduced LVEF, a greater proportion is women,
people with arterial hypertension (AH), obesity and atrial
fibrillation (AF).

Ischemic heart disease (CHD), which, according
to epidemiological and multicenter clinical studies, is
diagnosed in 60-75 % of these patients, is considered
to be the most frequent etiological cause of heart failure
(HF) in Europe and the USA. There are good reasons to
believe that systemic hypertension takes the second place
among the etiological factors of heart failure, however,
the frequent combination of coronary artery disease and
hypertension makes it difficult to assess the true role of
the latter in the onset of CHF. According to statistical and
epidemiological data, CHD and AH (separately or in com-
bination) cause the occurrence of 75-80 % of all cases
of HF [1]. The relevance of inadequately treated hyper-
tension, as the etiological factor of CHF for Ukraine, may
be indicated by data from the first national CHF statistics
test conducted in 2011 (2.800 patients). Given the results
obtained, 86 % of outpatients with this syndrome have a
diagnosis of hypertension, which in almost 2/3 of cases
is not controlled [2]. Old myocardial infarction (M) is
the most powerful independent risk factor for developing
CHF in both the general population and among patients
with hypertension. A significant risk factor for the deve-
lopment of CHF is also type 2 diabetes mellitus (DM).
Other causes of CHF include dilated cardiomyopathy
(DCM) and valvular heart disease, other causes of heart
failure in developed countries account for no more than
5 % of cases [2,3].

The prognosis of patients with clinical manifestations
of CHF is very serious; more than half of these patients
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die within the next 5 years. The higher the degree of CHF
clinical severity, the worse is its clinical prognosis. Thus,
the mortality rate during one year in patients with I-Il FC
NYHA is 6-10 %, increasing to 25-50 % in patients with
severe (IV FC NYHA) CHF. Patients with symptomatic
CHF and preserved LVEF (>40 %) are characterized
by better survival (approximately double, according to
5-year follow-up) compared to patients with CHF and
reduced LVEF.

In large placebo-controlled clinical studies it has been
proved that prolonged blockade of the renin-angiotensin,
sympathoadrenal systems (SAS) and aldosterone via their
pharmacological antagonists — ACE inhibitors (ACEI) or
angiotensin receptor blockers (ARBs), beta-blockers (BB),
antagonists mineralocorticoid receptors (AMR) can slow
the progression of LV remodeling and systemic changes
in CHF, resulting in a reduction or elimination of its clinical
symptoms and an increase in life expectancy of patients.

The introduction of modern standards of CHF phar-
macotherapy along with the improvement of the medical
care system for such patients enables to decrease
the number of their hospitalizations for circulatory decom-
pensation by 30-50 %, as well as to improve their survival
rate, although to a lesser extent.

Aim

The objective of this work is to show an innovative
strategy in the treatment of CHF, to show the benefits of
using the combined drug sacubitril / valsartan (LCZ696)
in comparison with the group of the mentioned above
drugs for treating patients with CHF and a reduced LVEF,
according to the results of a large randomized clinical
research, based on its biochemical properties.

Heart failure — a complication of a variety of
diseases and comorbid pathologies. To date, there
are three groups of drugs that have a positive effect on
the prognosis of patient survival. These are angioten-
sin-converting enzyme inhibitors (ACE inhibitors) (adding
them to diuretic and digoxin enabled us to increase this
figure by 17% and reduce the number of hospitalizations
by 30 %. The next breakthrough was the introduction of
B-adrenergic blockers (BAB) with an improved forecast
by 35 % and then the use of mineralocorticoid receptor
antagonists (MRA) or aldosterone by another 30 % [4].
Thus, the use of three groups of drugs improved the two-
year prognosis of patient survival by 50 % and reduced
hospitalization risk by 64 %.

Treatment of CHF as a syndrome cannot be fully ef-
fective, because HF is a complication that occurs against
the background of a number of diseases, comorbid pathol-
ogies. There are a number of associated conditions that
can cause HF, others cause exacerbation, decompensa-
tion. But there are also comorbid, concomitant conditions
that make it difficult to treat patients. These are most often
depression, Alzheimer’s disease, dementia. Also, there
are diseases, the symptoms of which are often perceived
as CHF. They need to be identified, eliminated and only
then to talk about the presence of HF in a patient. The
most frequent causes of CHF are CHD and AH. According
to the UNIVERS study, which included 2.800 patients
from 35 cities of Ukraine, ischemic heart disease (with /
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Table 1. Selected Potential Causes of Elevated Natriuretic Peptide Levels

Cardiac

HF, including RV syndromes

Acute coronary syndromes
Heart muscle disease, including LVH
Valvular heart disease

Pericardial disease
Atrial fibrillation
Myocarditis
Cardiac surgery
Cardioversion

Toxic-metabolic myocardial insults, including cancer chemotherapy
Noncardiac
Advancing age
Anemia

Renal failure

Pulmonary: obstructive sleep apnea, severe pneumonia

Pulmonary hypertension

Critical illness
Bacterial sepsis
Severe burns

*Modified from Table 8 of the 2013 HF guideline. 9 HF, indicates heart failure; LVH, left ventricular
hypertrophy; and RV, right ventricular.

Valsartan

Sacubitril

Fig. 1. Molecular formula LCZ696 (sacubitril/valsartan).
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without AH) leads to CHF in 60 % of cases [5]. However,
even after the diagnosis of coronary HF, stenting was
performed only in 7.3 % of patients, and coronary artery
bypass grafting (CABG) was performed only in 5.4 %.
Moreover, in many individuals with HF, acute coronary
syndrome or subclinical ischemia are concomitant, and
coronary angiography during hospitalization is performed
in less than 10 % of patients [6]. In the modern pharma-
cological arsenal of the Ukrainian physicians the actively
used three groups of drugs that modulate the disease /
prognosis — ACE inhibitors (Captopril, Enalapril, Fosino-
pril, Lisinopril, Perindopril, Quinapril, Ramipril, Trandopril)
and angiotensin |l receptor blockers ARBs (Candesartan,
Losartan, Valsartan), 3-blockers (Bisoprolol, Carvedilol),
AMR Aldosterone antagonists (Spironolacton, Eple-
renone) are currently added by two more — 11 channel
inhibitor (lvabradine) and the ARNI combination drug
(sacubitril / valsthartan) .

Currently, in this therapy the focus is shifted to
the degradation system of natriuretic peptides (NUP). A
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number of reasons for an increase in the NUP level are
established, and in the first place — chronic heart failure
(Table 1).

The system of natriuretic peptides: a bioregulato-
ry mechanism that prevents damage to the cardiovas-
cular system. The enzyme that promotes the degradation
of NUP is neutral endopeptidase (NEP)[3]. NEP is widely
represented in endothelial and smooth muscle cells, car-
diomyocytes, epithelial cells of the renal tubules, as well
as in fibroblasts, they are persistently detected in the lung
tissue, brain, heart and intestines. NEP is involved in
the inactivation of not only NUP, but also such endogenous
vasoactive peptides as bradykinin and adrenomedullin,
as well as endothelin-1 and angiotensin Il (AT Il). It has
been established that selective inhibitors of NEP prevent
the degradation of NUP in vitro and in vivo, as well as
increase their biological activity. In addition, NEP inhibi-
tors are able to increase the enzymatic conversion of big
endothelin into the active form — endothelin-1 [7].

Neprilizin is a neutral endopeptidase that destroys
some endogenous vasoactive peptides, including NUP,
bradykinin and adrenomedullin vasodilators [8]. Inhibition
of neprilizin increases the level of the above substances,
which counteracts vasoconstriction, sodium retention and
remodeling. The combined inhibition of the renin-angio-
tensin system and neprilysin is superior in effectiveness
to each of the therapeutic strategies separately accor-
ding to the results of experimental studies. However, this
treatment is associated with the development of severe
angioedema.

The use of a new drug, LCZ696 (angiotensin receptor
neprilysin inhibitor), containing the necralysin inhibitor
sacubitril (AHU377) and the angiotensin Il receptor
blocker valsartan, according to the results of research, is
accompanied by a minimal risk of developing angioede-
ma. The drug — LCZ696 by sight is a white powder,
the molecular formula of which is presented below (Fig. 7).

Drug LCZ696 (C24H29N503.C24H29N05.5/2H20.
3Na) (sacubitril / valsartan) is a member of a new class
of agents called angiotensin receptor neprilizin inhibitor
(ARNI), which combine the neprilisin inhibitor and the an-
giotensin receptor blocker (ARB).

In the course of some studies that included patients
with arterial hypertension (AH) or with LVHFpEF the use
of LCZ696 provided a more pronounced effect on he-
modynamics, as well as on the activity of neurohumoral
systems compared to isolated administration of ARB.

Pharmacological effects arising under the influence of
sacubitril are associated with the suppression of the ac-
tivity of neprilysin (neutral endopeptidase (NEP)), which
is involved in the metabolism of natriuretic peptide (NUP)
and other vasoactive peptides, including bradykinin,
adrenomedulline vasodilators, and angiotensin (Ang) Il
and endothelin-1vasoconstrictors [9].

A key role in the action of sacubitril on the cardio-
vascular system and kidneys is played by the activation
of the NUP system, primarily the atrial natriuretic peptide
(ANP) and the brain natriuretic peptide (BNP), which are
synthesized predominantly by atrial cardiomyocytes and,
to a lesser extent, the ventricles and are secreted into
the blood in response to increasing tension in the heart
wall. Both peptides realize their effects in target cells
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Fig. 2. The participation of
neprilizin (neutral endopeptidase)

in the metabolism of the peptides
of the renin-angiotensin system.
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through the excitation of guanylate cyclase A-type recep-
tors (GCR-A), which cause an increase in the activity of
transmembrane guanylate cyclase (GC), an increase
in the intracellular concentration of cyclic guanosine
monophosphate (cGMP) and activation of protein kinase
G [10]. The formation of the biological effects of sacubi-
tril and other inhibitors of NEP also involves the C-type
natriuretic peptide (CNUP), which is produced not only by
vascular endothelium cells, but also by cardiomyocytes,
cells of the renal tubules and other organs and tissues.
ANP is secreted by cardiomyocytes as an active hormone,
and BNP as a prohormone (B-type natriuretic peptide
(BNP), a key cardiac hormone in cardiorenal homeostasis,
is produced as a 108 amino acid prohormone, proB-
NP1-108) [11]. CNUP specifically interacts with B-type
guanylate cyclase receptors (GCR-B), the excitation of
which is ultimately also associated with the activation of
the GC/cGMP/ protein kinase of the G-signaling pathway
[12]. GCR-A and GCR-B mediate all the main effects of
NUP in target cells. These are, first of all, the weakening
of fibrotic and hypertrophic myocardial damage [13],
vasodilation, inhibition of proliferation of smooth muscle
cells, antithrombotic and anti-atherosclerotic action in
the vessels [13-15], reduction of renin secretion, inhibition
of sodium reabsorption in the kidneys and weakening
of the sclerosis of the glomeruli, renin and pericanali-
cular interstitium [16,17]. Increased NO production by
endothelial cells, vasodilation, and the antiproliferative
effect of all three NUPs also involve C-type receptors
that are not associated with GC, but mediate their effects
through Gi proteins that inhibit adenylate cyclase activity
in target cells, followed by activation of phospholipase
C [18,19]. Thus, the cardioprotective properties of NUP
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in HF are extremely important. It has been shown that
arterial hypertension (AH) is characterized by the deficit
of NUP, leading to natriuresis disorder; in chronic heart
failure (CHF), an imbalance of NUP system hormones is
also observed [20,21]. Therefore, the synthesis of NEP
inhibitors is a significant step in the pharmacotherapy of
cardiovascular diseases, in particular HF.

Double blockade of neprilysin and AT1 receptors:
a new approach to hypertension therapy. Early clini-
cal studies of NEP inhibitors showed that these drugs
increase the levels of cGMP and PNP in the blood of
patients with essential hypertension and cause a moder-
ate antihypertensive effect, which is most pronounced in
the early stages of drug therapy [22]. However, itimmedi-
ately became apparent that monotherapy with such drugs,
despite the activation of NUP, has an adverse effect on
the hormonal status of patients, which significantly limits
their practical use. First of all, it concerns the activation of
circulating and tissue renin-angiotensin-aldosterone sys-
tems (RAAS) with increasing blood concentrations of Ang
I1[22], whose content is largely determined by the activity
of NEP, which converts Ang | and Ang Il to Ang (1-7),
which is a functional antagonist of Ang Il (Fig. 2 [23]).

The most well-known drug from the vazopeptidase
inhibitors group, omapatrilat, which is not only nepri-
lysin inhibitor, but also an ACE-key enzyme involved in
the conversion of Ang | to Ang Il, turned out to be more
favorable in this respect. However, it turned out that this
drug, weakening the effect of the RAAS, causes excessive
activation of the effector links of the kallikrein-kinin system
due to the simultaneous inhibition of the activity of NEP
and ACE (kininase II), which metabolize bradykinin to
inactive peptides (Fig. 3).
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Fig. 3. Participation of neprilizin (neutral endopeptidase) in the metabolism of peptides of
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Fig. 4. Potential mechanisms LCZ696 (sacubitril/valsartan).
Angiotensin converting enzyme (ACE); metalloendopeptidase-like 1 (NEP2).

As a result, the risk of angioedema and other com-
plications associated with excessive accumulation of
bradykinin significantly increases. According to the OC-
TAVE study (Omapatrilat and enalapril in patients with
hypertension: the Omapatrilat Cardiovascular Treatment
vs. Enalapril (OCTAVE) trial), which included 25.302
patients with untreated or uncontrolled hypertension, oma-
patrilat is superior to ACEI enalapril in the effectiveness
of antihypertensive therapy, but is critically inferior to this
drug in the incidence of angioedema (2.17 % vs. 0.68 %)
[24]. The dual inhibitor of neprilisin and the AT1 receptors
LCZ696 (sacubitril/valsartan) was created primarily to re-
duce the risk of angioedema in patients. For this purpose,
the drug includes an inhibitor of neprilysin, sacubitril,
whose active metabolite, sacubitrilate (LBQ657), does
not suppress, in contrast to omapatrilat, aminopeptidase
P activity, which participates together with NEP and ACE
in the metabolism of bradykinin, and therefore causes a
significantly smaller increase in the content of this peptide
in tissues [25,26]. LBQ657 can also increase bradykinin
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levels by inhibiting the degradation of bradykinin under
the action of neprilizin and, possibly, angiotensin-conver-
ting enzyme (ACE) and the homolog of the membrane ho-
molog of neprilizin, like metalloendopeptidase 1 (NEP2).
In addition, LBQ657 can enhance the actions mediated
by the bradykinin receptor by cross-reacting between
the LBQ657 inhibitor complex and the bradykinin receptor.

Another component of LCZ696 ARB valsartan effec-
tively weakens the excess effect of RAAS on target cells
associated with the suppression of NEP activity, but, unlike
omapatrilat, is not an ACEI and therefore does not inhibit
the metabolism processes of bradykinin (Fig. 4).

Due to these properties, LCZ696 is not inferior to
omapatrilat in its ability to suppress the activity of RAAS,
but it has a weaker effect on the metabolism of bradykinin,
which reduces the risk of developing angioedema [25,26].
According to PARADIGM-HF study on the comparison of
clinical efficacy and safety of using LCZ696 and ACEI of
enalapril in 8442 patients with systolic CHF, the detection
rate of angioedema for the studied drugs is 0.2 % and
0.1 %, respectively [27].

Efficacy of sacubitril / valsartan in patients with
both arterial hypertension and heart failure using
the example of large randomized studies. As part of
the 2" phase of clinical trials, a number of clinical studies
were performed, which enabled us to obtain initial data
on its clinical efficacy and safety of use in hypertensive
patients, including persons with impaired renal function.

The combination of sacubitril / valsartan has demon-
strated efficacy in patients with both AH and HF. In a
large study in patients with AH (n = 1328), the drug in
doses of 200-400 mg showed an advantage in the hy-
potensive effect over valsartan in doses of 160-320 mg
as an additional decrease in blood pressure by 5/3 and
6/3 mm Hg [28]. The hypotensive effect of the sacubitrile
| valsartan combination was accompanied by a more
pronounced decrease in pulse BP: by 2.25 and 3.32 mm
Hg respectively, in doses of 200 and 400 mg, which is
currently regarded as a positive prognostic factor in influ-
encing the rigidity of the vascular wall and cardiovascular
outcomes. Tolerability in patients with AH was good, no
cases of angioedema were noted.

In the PARAMOUNT study, sacubitril / valsartan was
compared with the valsartan group in 685 patients with
CHF Il -1V functional classes (FC) (NYHA) and preserved
EF (45 % or more) [29]. Sacubitril / valsartan was titrat-
ed to 200 mg 2 times a day, and valsartan to 160 mg 2
times a day. A new drug provided a significant reduction
in the level of prohormone BNP- NT-proBNP (primary
endpoint) after 12 weeks. (605 pg/ml versus 835 mg/ml
with valsartan, P = 0.005), but not after 36 weeks of ther-
apy (P = 0.20), reduced the volume of the left atrium, FC
CHF, was well tolerated by patients.

Another study compared the antihypertensive effect
of LCZ696 at doses of 100, 200, 400 mg/day with placebo
in 389 patients of Asian origin with grade 1-2 of essen-
tial hypertension, which are characterized by increased
sensitivity to salt and often reduced RAAS activity. As a
result, it was found that LCZ696 in this patient population
has a pronounced antihypertensive effect. The difference
between the initial systolic blood pressure (SBP) value
and its value after 8 weeks of monotherapy in the active
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treatment groups compared with the placebo group was
for doses of 100 mg/day, 200 mg/day and 400 mg/day,
respectively, -11.86, -12.57 and -15.38 mm Hg
(P < 0.0001). Similar data for diastolic blood pressure
(DBP) are, respectively, -7.84, -7.99 and -8.76 mm Hg
(P <0.0001). All studied doses of LCZ696 also caused an
increasing decrease in the 24-hour ambulatory SBP and
DBP. No significant side effects, including angioedema,
were noted [30].

Five years ago, at the congress of the European
Society of Cardiology, the results of the PARADIGM-HF
study (Prospective Comparison of ARNI (Angiotensin
Receptor-Neprilysin Inhibitor Receptor) with ACEI (An-
giotensin-Converting-Enzyme Inhibitor) to Determine
Impact on Global Mortality and Morbidity in Heart Failure
Trial) were published [27], which have become significant
in the treatment of CHF. PARADIGM-HF was an interna-
tional, multicenter, double- blind, placebo-controlled study
with parallel groups (phase Ill), which studied the efficacy
and safety of the sacubitril / valsartan combination in com-
parison with the popular ACEI enalapril. The study was
intended to test the hypothesis that the use of a sacubitril /
valsartan combination compared with the use of the ACEI
enalapril will more effectively influence the incidence of
complications and mortality of patients with CHF.

It should be noted that PARADIGM-HF is the first
modern study in the field of HF, which proposed the re-
placement of one of the main elements of the treatment
of such patients, that is, an ACEI. 8436 patients aged 18
years old or older with HF corresponding to Il, lll or IV
FC (NYHA) were included in the PARADIGM-HF study
against the background of reduced LVEF (40 % or less)
(most patients had grade II-lll HF). In addition, to be
included in the study, the level of BNP should have been
at least 150 pg/ml (or the N-terminal precursor of BNP
not less than 600 pg/ml); in the case of hospitalization
for worsening of HF within the previous 12 months BNP
should have been at least 100 pg/ml (or N-terminal pre-
cursor of BNP not less than 400 pg/ml). The study could
include patients who took at least during 4 weeks stable
dose of beta-blocker and ACEI (or ARB), which was sup-
posed to be equivalent to not less than 10 mg of enalapril.
Using the double-blind method of randomization, patients
were assignedina 1: 1 ratio to the enalapril group (10 mg
2 times a day) or the sacubitril / valsartan combination
(200 mg 2 times a day). The primary end point was a
combination of death from cardiovascular causes or hos-
pitalization for HF, but the study was designed so that its
power was also sufficient to detect differences between
the rates of mortality from cardiovascular causes. During
the study, data on the development of arterial hypoten-
sion, deterioration of renal function, hyperkalemia, cough
or angioedema were carefully monitored. The follow-up
median was 27 months.

The PARADIGM-HF study was stopped much earlier
than the planned date due to the fact that statistically reli-
able figures were obtained regarding the effect of the in-
vestigational drug on the primary endpoints: a decrease in
cardiovascular mortality and a combined indicator of “car-
diovascular mortality + hospitalization for decompensated
HF". At the time of stopping the study, the primary endpoint
was recorded in 914 patients (21.8 %) in the sacubitril /
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valsartan group and in 1117 patients (26.5 %) in the enal-
april group odds ratio (OR) for the LCZ696 group was 0.80;
95 %, confidence interval (Cl), 0.73 to 0.87; P < 0.001).
A total of 711 patients (17.0 %) who received sacubitril
/ valsartan and 835 patients (19.8 %) from the enalapril
group died (OR for all-cause death was 0.84; 95 % ClI,
0.76 to 0.93; P < 0.001); of these, 558 (13.3 %) and 693
(16.5 %), respectively, persons died of cardiovascular
causes (OR 0.80; 95 % CI, 0.71 t0 0.89; P < 0.001).

Compared with enalapril, the sacubitril / valsartan
combination also reduced by 21 % the risk of hospitali-
zation for HF (P < 0.001) and reduced the severity of
symptoms and physical limitations due to HF (P =0.001).

As for safety, there were more patients with hypoten-
sion and non-serious cases of angioedema in the sacu-
bitril / valsartan combination group, but impaired renal
function, hyperkalemia and cough were less common than
in the group of enalapril. The results were interpreted by
researchers as a breakthrough in the field of studying HF.
Compared with other tests in connection with HF, patients
in PARADIGM-HF received the most optimal therapy for
heart failure, with the highest frequency of prescribing
beta-blockers (more than 90%) and antagonists of mine-
ralocorticoid receptors (AMP) (60 %). As it can be seen
from the results of the study, the drug has undeniable
clinical efficacy in patients with HF [27].

According to recent data, the NUP system is involved
in metabolic regulation: lipid oxidation, adipocyte forma-
tion and differentiation, adiponectin activation, insulin
secretion, and carbohydrate tolerance, which can provide
protection against the development of the metabolic
syndrome [31].

During the first year of observation, HbA1c levels
decreased by 0.16 % in the enalapril group and by 0.26 %
in the sacubitril / valsartan group (intergroup reduction of
0.13 %, 95 % CI 0.05 — 0.22, P = 0.0023). The HbA1c
level in the sacubitril / valsartan group was significantly
lower than in the enalapril group during the 3-year obser-
vation period (intergroup reduction was 0.14 %, 95 % ClI
0.06-0.23, P =0.0055). The first use of insulin was 29 %
less frequent in patients treated with sacubitril/valsartan
(114 (7 %) patients) compared with patients treated with
enalapril (153 (10 %) (OR 0.71; 95 % CI 0.56 — 0.90;
P =0.0052). Similarly in the sacubitril / valsartan group
fewer patients started taking oral hypoglycemic drugs
(OR 0.77; Cl 0.58 — 1.02; P = 0.073). Therefore, in
the PARADIGM-HF study, patients with DM and HF with
reduced EF who received sacubitril/valsartan had a more
pronounced long-term decrease in HbA1c compared to
patients treated with enalapril. These data suggest that
the combination of sacubitril / valsartan may enhance
glycemic control in patients with diabetes mellitus (DM)
and HF with reduced EF [32].

When ingested, the sacubitril / valsartan complex
breaks up into sacubitril, which is then metabolized to form
the metabolite LBQ657, and valsartan; the concentrations
of these substances in the blood plasma reach a maxi-
mum after 0.5 h, 3.0 h and 1.5 h, respectively [33]. The
use of the drug does not depend on meal times. The com-
plex of sacubitril and valsartan largely binds with plasma
proteins (94-97 %). LBQ657 to a small extent penetrates
the blood-brain barrier (BBB) (0.28 %). LBQ657 is not

Review

ISSN 2306-8027  http://pat.zsmu.edu.ua

413



414

Ornaam

further metabolized significantly. Valsartan is metabolized
to a small extent. After ingestion, 52-68 % of sacubitril
(mainly in the form of LBQ657) and about 13 % of val-
sartan and its metabolites are excreted by the kidneys,
37-48 % of sacubitril (mainly in the form of LBQ657)
and 86 % of valsartan and its metabolites are excreted
through the intestines. Considering the pharmacokinetic
data in patients over 65 years old, dose adjustment is
not required. Patients with impaired renal function of mild
and moderate degree do not need to adjust the dose.
In case of severe disorder of renal function, sacubitril/
valsartan is used with caution. In patients with impaired
liver function, mild or moderate, including patients with
obstruction of the biliary tract, the dose should not be
adjusted. For severe disorders of liver function, the drug
is not recommended.

Based on the results of the PARADIGM-HF study
in 2015, the sacubitril / valsartan combination was ap-
proved by the US Food and Drug Administration (FDA)
and the European Medicines Agency for the Treatment
of Patients Suffering from HFrEF II-1V FC by NYHA, and
included in the recommendations of the 2016 European
Society of Cardiology as a means of treating patients
with CHF [34-36].

These TRANSITION studies were presented at a con-
gress of the European Society of Cardiology in Munich,
Germany. These data showed that the drug sacubitril /
valsartan has a high safety profile with an early adminis-
tration to the widest range of patients with heart failure with
a reduced LVEF, who were stabilized after an episode of
acute decompensated heart failure. Among the patients
participating in the study, there were patients who had not
previously taken sacubitril / valsartan or other basic CHF
therapy, as well as patients with experience in treating
with these drugs.

TRANSITION (NCT02661217) is a randomized,
multicenter, open, non-cross-sectional phase IV study
to evaluate the safety and tolerability of sacubitril/valsar-
tan in 1006 patients with HFrEF in 156 clinics around
the world who were stabilized after an acute decompen-
sated heart failure episode with the onset of sacubitril
Ivalsartan therapy in the hospital or immediately after
discharge from the hospital. Patients were divided into
groups according to the treatment they received before
hospitalization: those who received angiotensin-con-
verting enzyme inhibitors (ACEI) or angiotensin receptor
antagonists (ARA), as well as those who did not have
experience of treatment with ACEI / ARA. After screening
and randomization into sacubitril/valsartan treatment
groups, the study implied a 10-week therapeutic period
and a follow-up phase of 16 weeks. The primary and se-
condary endpoints were selected: the number of patients
who reached the target dose of sacubitril / valsartan 200
mg 2 times a day at week 10 (regardless of the possible
temporary discontinuation of therapy or dose reduction
in the past), and the number of patients taking the drug
in the dosage 100 mg or 200 mg for at least 2 weeks to
the expiration of 10 weeks after randomization, respec-
tively. The study protocol took into account the needs
of practicing cardiologists and enabled the researchers
to choose the appropriate initial dose of sacubitril / val-
sartan and adjust it according to clinical circumstances,
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taking into account the differences between clinics and
medical institutions in different countries [37].

During the TRANSITION study, the safety and tolera-
bility of sacubitril / valsartan was evaluated among patients
with HFrEF after an episode of acute decompensated
heart failure, followed by stabilization. The patients were
randomly divided into two groups — the first received
sacubitril / valsartan already in the hospital (before dis-
charge), the second —in a short time after discharge from
the hospital. At the time of the expiry of 10 weeks, more
than 86 % of patients continuously took sacubitril/valsar-
tan for 2 weeks or longer, and about half of the patients
reached the primary endpoint — reaching a therapeutic
dose of sacubitril/valsartan 200 mg 2 times a day, which
was observed in both groups. The number of patients
who reached the primary and secondary endpoints was
similar in both groups. The incidence of side effects and
discontinuation of taking sacubitril/valsartan due to side
effects was also similar between groups among hospital-
ized and outpatient patients.

However, a number of questions now remain, the an-
swers to which need to be obtained when conducting new
clinical trials. The questions are related to the lack of data
on the use of the drug in patients initially not receiving
therapy with ACEI or ARA II; there is no data on the use
of the drug with patients with decompensated HF; with
patients with HF and acute myocardial infarction; with
patients with LVHFpEF.

We hope that these issues will be resolved in already
conducted HFNLIFE (Entresto TM In Advanced Heart
Failure), PARADISE-MI (Prospective ARNI vs ACE
Inhibitor Trial for Determine Superiority in Mitigation),
PARAGON-HF clinical studies and, possibly, will open
new capabilities of sacubitril / valsartan complex in HF
pharmacotherapy [37].

Conclusions

1. The conducted clinical studies, and in particular
PARADIGM-HF, TRANSITION demonstrated the supe-
riority of the new combination compared with enalapril.
It was found that the combination of sacubitril / valsartan
more effectively than enalapril reduces the risk of total
cardiovascular death and hospitalization in patients with
CHF and reduced LVEF, which meets fairly strict inclusion
and exclusion criteria. The main positive effects of sacubi-
tril and valsartan in patients with CHF are associated with
an increase in the amount of the natriuretic peptide and
the simultaneous suppression by valsartan of the nega-
tive effects of angiotensin Il. The result of this action is
vasodilatation, an increase in natriuresis and diuresis,
a decrease in the secretion of renin and aldosterone,
the suppression of sympathetic activity, and the slowing
of myocardial remodeling.

2. The indication for the use of the sakubitril / val-
sartan complex is CHF (II-1V FC according to the NYHA
classification) in patients with systolic dysfunction in
order to reduce the risk of cardiovascular mortality and
hospitalization for HF.
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