Rev Port Cardiol. 2019;38(3):175-185

Revista Portyguesa de |
Cardiologia ¥

Revista Portuguesa de

Cardiologia

Portuguese Journal of Cardiology
Portuguese Society of

CARDIOLOGY www.revportcardiol.org

PERSPECTIVES IN CARDIOLOGY

Neurohormonal modulation: The new paradigm b

Check for

of pharmacological treatment of heart failure -

J. Silva-Cardoso®>*, D. Bras‘, F. Canario-Almeida®, A. Andrade’, L. Oliveira®,
F. Padua", C. Fonseca™’, N. Braganca®, S. Carvalho', R. Soares™, J. Ferreira Santos"

@ Unidade de Doencas Cardiovasculares, Faculdade de Medicina da Universidade do Porto, Portugal

b Centro de Pesquisa em Tecnologias e Servicos de Saude, Universidade do Porto, Portugal

¢ Clinica de Insuficiéncia Cardiaca e Transplante do Servico de Cardiologia do Centro Hospitalar de S. Jodo, Porto, Portugal
d Medical Advisor, Departamento Médico, Novartis Farma-Produtos Farmacéuticos S.A., Lisboa, Portugal

€ Servico de Cardiologia do Hospital Senhora da Oliveira, Guimardes, Portugal

f Clinica de Insuficiéncia Cardiaca, Servico de Cardiologia do Centro Hospitalar do Témega e Sousa, Penafiel, Portugal

¢ Servico de Cardiologia do Centro Hospitalar Cova da Beira, Covilhd, Portugal

P Hospital Dr. José Maria Grande (Unidade Local de Saude do Norte Alentejano), Portalegre, Portugal

1 Unidade de Insuficiéncia Cardiaca, Servico de Medicina lll e Hospital Dia, Hospital Sdo Francisco Xavier - Centro Hospitalar de
Lisboa Ocidental, Lisboa, Portugal

i NOVA Medical School, Faculdade de Ciéncias Médicas, Universidade Nova de Lisboa, Lisboa, Portugal

k Servico de Medicina Ill, Hospital Prof. Doutor Fernando Fonseca, Amadora, Portugal

! Servico de Cardiologia do Centro Hospitalar de Trds-os-Montes e Alto Douro, Vila Real, Portugal

™ Servico de Cardiologia do Hospital de Santa Marta, Lisboa, Portugal

" Servico de Cardiologia do Hospital da Luz, Setubal, Portugal

Received 20 February 2018; accepted 29 October 2018
Available online 24 April 2019

KEYWORDS Abstract The current paradigm of medical therapy for heart failure with reduced ejec-
Heart failure with tion fraction (HFrEF) is triple neurohormonal blockade with an angiotensin-converting enzyme
reduced ejection inhibitor (ACEl), a beta-blocker (BB) and a mineralocorticoid receptor antagonist (MRA). How-
fraction; ever, three-year mortality remains over 30%.

Neurohormonal Stimulation of counter-regulatory systems in addition to neurohormonal blockade constitutes
modulation; a new paradigm, termed neurohormonal modulation. Sacubitril/valsartan is the first element
Angiotensin-receptor of this new strategy.

neprilysin inhibitor; PARADIGM-HF was the largest randomized clinical trial conducted in HFrEF. It included
Sacubitril/valsartan; 8442 patients and compared the efficacy and safety of sacubitril/valsartan versus enalapril.
Cardiovascular The primary endpoint was the composite of cardiovascular mortality and hospitalization due to
mortality; HF, which occurred in 914 (21.8%) patients receiving sacubitril/valsartan and in 1117 (26.5%)
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patients receiving enalapril (HR 0.8, 95% ClI 0.73-0.87, p=0.0000002; NNT 21). Sacubi-
tril/valsartan reduced both primary endpoint components, as well as sudden cardiac death,
death due to worsening HF, and death from all causes. Patients on sacubitril/valsartan reported
less frequent deterioration of HF and of quality of life, and discontinued study medication less
frequently because of an adverse event.

PARADIGM-HF demonstrated the superiority of sacubitril/valsartan over enalapril, with a 20%
greater impact on cardiovascular mortality compared to ACEls. Accordingly, in 2016, the Euro-
pean (ESC) and American (ACC/AHA/HFSA) cardiology societies simultaneously issued a class |
recommendation for the replacement of ACEls by sacubitril/valsartan in patients resembling
PARADIGM-HF trial participants.
© 2019 Sociedade Portuguesa de Cardiologia. Published by Elsevier Espafa, S.L.U.

This is an open access article under CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Modulagao neuro-hormonal: o novo paradigma do tratamento farmacolégico
da Insuficiéncia Cardiaca

Resumo O paradigma atual da terapéutica médica da insuficiéncia cardiaca com fracdo de
ejecao reduzida (ICFEr) é o triplo bloqueio neuro-hormonal com inibidores da enzima conver-
sora da angiotensina (IECA), bloqueadores beta-adrenérgicos (BB) e antagonistas dos recetores
mineralocorticoides (ARM). Contudo, a mortalidade a trés anos destes doentes mantém-se
superior a 30%.

A estimulacao de sistemas contra-reguladores em adicao ao bloqueio neuro-hormonalny
enzye of ma constitui um novo paradigma designado por modulacao neuro-hormonal. O sacubi-
tril/valsartan é o primeiro passo desta nova estratégia.

O PARADIGM-HF foi o maior estudo aleatorizado realizado na ICFEr, tendo incluido 8442
doentes. Comparou a eficacia e seguranca do sacubitril/valsartan versus enalapril. O objetivo
primario foi o composto mortalidade cardiovascular/hospitalizacao por IC. Este ocorreu em
914 (21,8%) doentes sob sacubitril/valsartan e 1117 (26,5%) doentes sob enalapril (hazard ratio
(HR) 0,8, 1C95% [0,73-0,87], p=0,0000002, numero de doentes necessario para prevenir um
evento [NNT]=21). O sacubitril/valsartan reduziu ambos os componentes do objetivo primario.
Diminuiu a morte sUbita cardiaca, a devida a agravamento da IC e também a morte por todas
as causas. Nos doentes sob sacubitril/valsartan ocorreu menos frequentemente agravamento
da IC, deterioracao da qualidade de vida e interrupcao da medicacao em consequéncia de um
efeito adverso.

O PARADIGM-HF demonstrou superioridade do sacubitril/valsartan relativamente ao enalapril,
sendo o seu efeito sobre a mortalidade cardiovascular 20% superior ao dos IECAs. Assim, as
Sociedades Europeia (ESC) e Americanas (ACC/AHA/HFSA) de Cardiologia incluiram, simul-
taneamente, em 2016 uma recomendacao de Classe | para substituicao dos IECAs pelo
sacubitril/valsartan em doentes com caracteristicas semelhantes aos participantes do ensaio
PARADIGM-HF.
© 2019 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espafa, S.L.U. Este € um
artigo Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Cardiovascular disease

Cardiovascular disease, in particular heart disease, has a
high prevalence worldwide.'* In Europe in 2014, four million
deaths (approximately 50% of all deaths on the continent)
were due to cardiovascular disorders.?

In recent decades, care for heart failure (HF) patients
in Europe has seen remarkable progress,’*“ and in Portugal
alone mortality from HF decreased by 13% between 2005 and
2015.* However, cardiovascular disease is still the leading
cause of death in Portugal, accounting for approximately
30% of all deaths in 2014 and 2015.4

Heart failure

The high prevalence of cardiovascular risk factors in Portu-
gal, Europe as a whole, and worldwide is responsible for the
high incidence of cardiovascular disease which, in turn, is
the cause of HF. This is of great epidemiological importance,
and will be even more so in the coming decades,'™ since
HF prevalence is expected to rise by 50-75% by 2030.°> The
high prevalence, morbidity and mortality of HF represents
an enormous economic and social burden.®

It is estimated that HF affects approximately
380 000 individuals in Portugal’” and approximately 26
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million worldwide.? Based on expected demographic
changes, particularly the marked aging of the population,
and assuming that current clinical practices are maintained,
the prevalence of HF in mainland Portugal is estimated to
increase by 30% by 2035 and by 33% by 2060, compared to
2011, resulting in 479 921 and 494 191 affected individuals
in 2035 and 2060, respectively.’

In 2013 approximately 18 000 patients were hospitalized
due to HF in Portugal.'® The number of HF hospitalizations
and their mean duration increased between 2008 and 2013, '°
with high in-hospital mortality (12.5% in 2014) and long-
term rehospitalization and mortality rates.'" Approximately
50-70% of HF-associated costs are due to hospitalizations.”

This serious impact on individuals and on society
has prompted a decades-long effort dedicated to the
development of new therapies which, acting on the patho-
physiological mechanisms of the syndrome, are able to
induce reverse remodeling and thus improve prognosis.'?
However, in spite of the notable advances achieved, the
treatment of HF is far from perfect,’® and morbidity and
mortality from the syndrome remain unacceptably high.
Therefore, there is still a need to continue research in this
area.™

The current paradigm: antagonism
of regulatory systems (neurohormonal
blockade)

Since proof emerged in the 1980s of the efficacy of enalapril
in reducing mortality in patients with HF and reduced ejec-
tion fraction (HFrEF),’'® angiotensin-converting enzyme
inhibitors (ACEls) have been the mainstay of treatment of
this syndrome. Subsequently, it was demonstrated that fur-
ther reductions in mortality and hospitalizations for HF in
these patients could be obtained with the addition of beta-
blockers (BBs) and mineralocorticoid receptor antagonists
(MRAs) to ACEls."”>'® This triple neurohormonal blockade is
the current paradigm of medical therapy for HFrEF."%-2!

This successful strategy is based on antagonism of regu-
latory systems, including the renin-angiotensin-aldosterone
system (RAAS) and sympathetic nervous system (SNS). These
systems induce not only vasoconstriction and sodium and
water retention, but also hypertrophy, apoptosis and cardiac
fibrosis, which form the basis of ventricular remodeling, and
hence worsen prognosis.?’

However, despite the positive impact of this triple neuro-
hormonal blockade, three-year mortality in these patients
remains above 30%.%

The new paradigm: stimulation of
counter-regulatory systems (neurohormonal
modulation)

A complementary approach to antagonism of regulatory
systems is stimulation of counter-regulatory systems (the
natriuretic peptide [NP] and other systems that counter the
RAAS), the effects of which oppose the former.2°

The addition of stimulation of the NP counter-regulatory
system to the traditional strategy of neurohormonal block-
ade is a significant step forward and constitutes a new

paradigm in the treatment of HF'3%4-30 that is termed
neurohormonal modulation. Sacubitril/valsartan (LCZ696)
is the first element in this new therapeutic strategy.'>%°

Sacubitril/valsartan

Sacubitril/valsartan is a supramolecular sodium salt com-
plex of the pro-drug sacubitril and the angiotensin receptor
blocker (ARB) valsartan, in a molecular ratio of 1:1.3' Sacu-
bitril (AHU377) is enzymatically metabolized to sacubitrilat,
a neprilysin inhibitor. Neprilysin is a neutral endopepti-
dase that degrades a variety of endogenous vasoactive
peptides,® among them NPs. Inhibition of neprilysin by
sacubitril increases natriuretic peptide levels, leading to an
increase in cyclic GMP concentrations, promoting vasodila-
tion, natriuresis and diuresis, inhibition of neurohormonal
systems (central nervous system and RAAS), endothelin, and
vasopressin, and antiapoptotic, antiproliferative and antifi-
brotic effects.!”

However, if used in isolation, sacubitril will also increase
serum levels of angiotensin Il, which is also degraded by
neprilysin. This may counteract the positive effects men-
tioned above. For this reason, in order to obtain the full
benefit of the action of sacubitril, it must be combined
with an ARB in order to block the stimulation of this
receptor by elevated angiotensin Il levels.'® Valsartan is an
ARB that blocks the detrimental cardiovascular and renal
effects of angiotensin Il, and in addition inhibits the release
of angiotensin Il-dependent aldosterone. This blocks RAAS
activity, including vasoconstriction and sodium and water
retention, and also the cell proliferation, apoptosis, and
fibrosis involved in cardiovascular remodeling."’

The above mechanisms are the reason that this new
drug compound associates sacubitril with valsartan. From
a pharmacological point of view it would not make sense
to combine sacubitril with an ACEl, not only because it
would be ineffective but also because this association
would be dangerous, given the significantly increased risk of
angioedema. Unlike ARBs, ACEIs do not bind to angiotensin Il
receptors; they inhibit the angiotensin-converting enzyme,
which blocks the conversion of angiotensin | to angiotensin
I, thus reducing the concentrations of this vasoactive pep-
tide. They do not block the effect of sacubitril-induced
elevated angiotensin Il levels.

Sacubitril/valsartan: clinical studies

Hypertension

An eight-week study by Ruilope et al. published in 2010 in
the Lancet®® included 1328 patients with mild-to-moderate
hypertension randomized to one of eight regimens: sacu-
bitril/valsartan 100, 200 or 400 mg; valsartan 80, 160 or
320 mg; sacubitril 200 mg; or placebo.

The 200 mg and 400 mg doses of sacubitril/valsartan pro-
vided greater reductions in blood pressure than valsartan at
doses of 160 mg and 300 mg, respectively.

Sacubitril/valsartan reduced systolic more markedly
than diastolic blood pressure, thereby inducing reduced
pulse pressure (PP) compared to valsartan. This is signif-
icant, given that reducing PP is beneficial owing to the
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association of higher PP with arterial stiffness and risk of
stroke, myocardial infarction, congestive heart failure and
cardiovascular death.

Heart failure with preserved ejection fraction:
the PARAMOUNT trial

The PARAMOUNT trial** assessed the efficacy and safety
of sacubitril/valsartan in patients with HF and pre-
served ejection fraction (HFpEF). It included patients in
New York Heart Association (NYHA) classes Il and Il
with left ventricular ejection fraction (LVEF) >45% and
N-terminal pro-B-type natriuretic peptide (NT-proBNP)
>400 pg/ml. One hundred and forty-nine patients were
randomized to sacubitril/valsartan and 152 to valsartan.
Sacubitril/valsartan was titrated up to 200 mg twice daily
and valsartan up to 160 mg twice daily. Patients were treated
for 36 weeks. Reductions in NT-proBNP from randomization
until week 12, the primary aim, were greater in the sacubi-
tril/valsartan group than in the valsartan group (p=0.005).
Sacubitril/valsartan was well tolerated and the occurrence
of adverse events was similar in both study groups. Given
the positive outcome of the PARAMOUNT trial in this area in
which, until then, no drug had been able to show a reduction
in mortality, the PARAGON trial (ClinicalTrials.gov identifier
NCT01920711) was started with the aim of assessing the
impact of sacubitril/valsartan on the composite endpoint
of cardiovascular mortality and total hospitalizations due to
HF.

Heart failure with reduced ejection fraction:
the PARADIGM-HF trial

The PARADIGM-HF trial*>—*” belongs, without a doubt, to the
rare category of historic trials in medicine that definitively
changed the way patients with HFrEF are treated. It was ter-
minated early, in accordance with prespecified rules, after a
median follow-up of 27 months, because the boundary for an
overwhelming benefit of sacubitril/valsartan over enalapril
had been crossed.

It is the largest trial conducted to date in the context of
HFrEF, with 8442 patients. Eligibility requirements at screen-
ing included age at least 18 years, NYHA class II-1V, and
LVEF<40% (which was changed to <35% by an amendment to
the protocol on December 15, 2010). Patients were required
to have a plasma B-type natriuretic peptide (BNP) level of
at least 150 pg/ml (or NT-proBNP>60 pg/ml) or, if they had
been hospitalized for HF within the previous 12 months, BNP
of at least 100 pg/ml (or NT-proBNP>400 pg/ml). Patients
taking any dose of an ACEIl or ARB were considered for par-
ticipation, but for at least four weeks before screening,
patients were required to take a stable dose of a BB and
an ACEl or ARB equivalent to at least 10 mg of enalapril
daily. Exclusion criteria included symptomatic hypotension,
systolic blood pressure (SBP)<100 mmHg at screening or
95 mmHg at randomization, estimated glomerular filtration
rate (€GFR)<30 ml/min/1.73 m? of body surface area at
screening or at randomization or a decrease in eGFR of more
than 25% (amended to 35%) between screening and ran-
domization, serum potassium>5.2 mmol/l at screening (or
>5.4 mmol/l at randomization), or a history of angioedema

or unacceptable side effects during treatment with ACEls or
ARBs.*®

These patients were randomized to sacubitril/valsartan
200 mg twice daily, or enalapril 10 mg twice daily, in addition
to recommended therapy.>~%"

Primary outcome: cardiovascular mortality
or hospitalization for heart failure
The primary outcome (cardiovascular death or first hospital-
ization due to heart failure) occurred in 914 (21.8%) patients
receiving sacubitril/valsartan and in 1117 (26.5%) patients
receiving enalapril in a median follow-up of 27 months (haz-
ard ratio [HR] 0.80, 95% confidence interval [CI] 0.73-0.87,
p=0.0000002, number needed to treat [NNT] 21).

In comparison with enalapril, sacubitril/valsartan had
a positive impact on both components of the primary
outcome: time to cardiovascular death (HR 0.80, 95% ClI
0.71-0.89, p<0.001, NNT 32), and time to first hospitaliza-
tion for HF (HR=0.79, 95% CI 0.71-0.89, p<0.001, NNT 36).%

Mortality

Regarding impact on cardiovascular mortality, sacubi-
tril/valsartan reduced sudden cardiac death in 20%, and
death due to worsening of HF in 21%; together, these consti-
tuted the majority of cardiovascular deaths' that occurred
in the study. Sacubitril/valsartan also decreased all-cause
mortality by 16%.3°

Hospitalizations

The reduction in first hospitalizations for HF with
sacubitril/valsartan reached statistical significance after
30 days of treatment.?’ The total number of hospitaliza-
tions, including rehospitalizations, due to HF was lower in
the sacubitril/valsartan group.?’ The drug also reduced car-
diovascular hospitalizations by 16% and hospitalizations for
any cause in 16%.2° Rehospitalization at 30 and 60 days
after discharge was less frequent in the sacubitril/valsartan
arm.*® These results are of great importance given the high
prevalence and economic burden of hospitalizations due to
HF.

Clinical progression

In patients treated with sacubitril/valsartan, admissions to
the emergency department for HF decompensation were
30% lower than in those treated with enalapril. Addition-
ally, there was less need for intensification of therapy with
time and fewer reports of worsening NYHA functional class.
Together, these findings demonstrate a lower risk of worsen-
ing of HF in patients treated with sacubitril/valsartan than
in patients receiving enalapril.?°

Quality of life

The proportion of patients in whom there was a deterio-
ration in quality of life of >5 points on the Kansas City
Cardiomyopathy Questionnaire was higher with enalapril
than with sacubitril/valsartan, the difference being statis-
tically significant at four, eight and 12 months.?°
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Table 1 Decreases in cardiovascular mortality in the SOLVD, CHARM and PARADIGM-HF trials.'6:3>43
Trial Year of No. of Intervention Follow-up RRR of NNT
publication patients CV death

SOLVD Treatment 1991 2569 Enalapril 2.5-20 mg once 41.4 months 18% 23
daily vs. placebo (mean)

CHARM-Alternative 2003 2028 Candesartan 4-32 mg 33.7 months 15% 31
once daily vs. placebo (median)

PARADIGM-HF 2014 8442 Sacubitril/valsartan 200 27 months 20% 32
mg twice daily vs. (median)

enalapril 10 mg twice

daily

CV: cardiovascular; NNT: number needed to treat; RRR: relative risk reduction.

Analysis of influence of patient characteristics at
randomization

The superiority of sacubitril/valsartan proved to be inde-
pendent of age,?® severity of risk as assessed by the MAGGIC
score,?’ time since the most recent hospitalization for HF,*
LVEF,*® NT-proBNP level,?° presence of insulin resistance or
diabetes,* and baseline treatment including MRAs.?®

Mean cumulative dose of sacubitril/valsartan and
contraindicated concomitant medication
Sacubitril/valsartan was superior to enalapril in all cases,
regardless of whether patients’ clinical profile led to a
mean cumulative dose of <100 mg twice daily, 100-200
mg twice daily or 200 mg twice daily, even in patients
who could not tolerate the target dose.”" The target
dose to be used is 200 mg twice daily unless this is not
tolerated.?>#? Sacubitril/valsartan should not be adminis-
tered concomitantly with ACEls or within 36 hours of the
last dose of an ACEI,2"*' or in patients with a history of
angioedema.?>*> Combined treatment with an ARB is also
contraindicated.?

Neurohormonal modulation versus neurohormonal
blockade

Comparing the results of the SOLVD (enalapril), CHARM
(candesartan) and PARADIGM-HF trials, sacubitril/valsartan
(neurohormonal modulation and neurohormonal blockade)
had a two-fold greater effect than RAAS inhibitors'®3>43
(neurohormonal blockade only) on cardiovascular mortality
(Table 1).

Compared to the placebo arm of SOLVD, sacubi-
tril/valsartan in PARADIGM-HF reduced the relative risk of
cardiovascular death or hospitalization for HF in 43%, of car-
diovascular death in 34%, of all-cause mortality in 28% and
of hospitalization for HF in 49%.%

Concerning coronary disease and heart failure, sacubi-
tril/valsartan may reduce the risk of myocardial ischemia
through hemodynamic mechanisms, and may also have
favorable effects on the coronary circulation by inhibiting
the breakdown of C-type natriuretic peptide, which is
involved in the regulation of coronary arterial tone and
blood flow.* The benefits of sacubitril/valsartan in post-
myocardial infarction patients with evidence of systolic

dysfunction and/or signs and symptoms of HF will shortly
be addressed in the PARADISE-MI trial (ClinicalTrials.gov
identifier NCT02924727).

Safety

In the sacubitril/valsartan arm of PARADIGM-HF fewer
patients discontinued the study medication due to an
adverse event than in the enalapril arm.3°

The sacubitril/valsartan group had a lower incidence
of renal impairment, hyperkalemia and cough, although
hypotension occurred more frequently. Sacubitril/valsartan
was not associated with an increased risk of serious
angioedema. >

Co-administration of sacubitril/valsartan and an MRA is
associated with a lower risk of severe hyperkalemia than
co-administration of enalapril and an MRA.** In addition, in
patients not treated with MRAs at the beginning of the study
it was easier to start these drugs if the patient was receiving
sacubitril/valsartan rather than enalapril.*> MRAs were less
often suspended in patients receiving sacubitril/valsartan
than in those receiving enalapril.*® Thus, replacing ACEls
with sacubitril/valsartan rather than enalapril may lead
to safer use of MRAs, enabling patients to achieve the
incremental benefits of these drugs with less risk of hyper-
kalemia.

Given that neprilysin is onmes that eliminate amyloid-
beta peptides in the brain, there is a theoretical concern
about the long-term effects of sacubitril/valsartan on
cognition.A post-hoc analysis of PARADIGM-HF found no
evidence of a higher incidence of dementia in the sacu-
bitril/valsartan group than in the enalapril group during a
median follow-up of 2.25 years (up to 4.3 years).”* There
is currently no evidence that sacubitril/valsartan has a
deleterious effect on amyloid-beta levels in the brain.*
The effects of the drug on cognitive function and amyloid
plaque deposition are,*® under investigation in an ongoing
study with patients with HFrEF (ClinicalTrials.gov identifier
NCT02884206).

Although there are no published data on the effects of
sacubitril/valsartan on the eye in humans, amyloid-beta
deposits in the eye have been linked to age-related macular
degeneration.?’
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Limitations

A limitation sometimes mentioned is the low percentage
of the study population with implanted cardioverter-
defibrillators. However, PARADIGM-HF was carried out on
a global scale, and this percentage reflects the practices
of various countries. In the USA, for example, it is con-
sistent with implantation rates in the country. It should
be noted that in PARADIGM-HF the implantation rates of
cardioverter-defibrillators were similar to those of other
reference studies, such as EMPHASIS-HF?' and RED-HF,* and
higher than those of the SHIFT trial.*

Another limitation often alluded to is that enalapril was
the ACEl chosen as comparator, and the dose of 10 mg
twice daily has also been questioned. Enalapril was deliber-
ately selected due to the US Food and Drug Administration’s
requirement that the study offer irrefutable evidence of
the superiority of sacubitril/valsartan compared to the ACEI
therapy used in studies that demonstrated a reduction in
mortality in HFrEF with these drugs. In these studies’®6:50-52
the drug used was enalapril, and in PARADIGM-HF the dose of
enalapril achieved by patients was the highest ever achieved
in studies in HFrEF.

Conclusion

PARADIGM-HF unequivocally established the overwhelming
therapeutic superiority of sacubitril/valsartan compared
with enalapril in the treatment of patients with HFrEF.

This trial produced irrefutable evidence, based on a rig-
orous study design, a very large sample, for a clinically
significant goal, and with strong statistical significance. The
results were completely consistent across a wide range of
studied subgroups.'920,24,26-30,40

Dose titration: the TITRATION study

The main aim of the TITRATION trial>® was to assess the tol-
erability of sacubitril/valsartan in two titration regimens,
with a follow-up period of 11 weeks.

The drug was titrated gradually, from an initial dose of
50 mg twice daily, up to the target dose of 200 mg twice
daily. The initial dose of 50 mg twice daily was administered
over a five-day open-label run-in. Patients who tolerated this
phase were then randomized to one of two titration regi-
mens up to 200 mg twice daily: a ‘condensed’ regimen, of
100 mg twice daily for two weeks followed by 200 mg twice
daily, and a ‘conservative’ regimen, of 50 mg twice daily for
two weeks, 100 mg twice daily for three weeks, followed by
200 mg twice daily. Tolerability criteria were hypoten-
sion, renal dysfunction, hyperkalemia, and angioedema. The
analysis was stratified according to prior treatment with
ACEls/ARBs: high doses (>160 mg of valsartan or >10 mg
enalapril, or equivalent) and low doses (<160 mg of val-
sartan or <10 mg enalapril, or equivalent).

Four hundred and ninety-eight patients with chronic HF,
NYHA classes II-1V and LVEF<35% were included. In 93% of
cases patients were receiving ACEls or ARBs before inclusion
in the study; at admission, these drugs were replaced by
sacubitril/valsartan according to the algorithm subsequently
adopted by international guidelines.

The tolerability of the two titration regimens, ‘con-
densed’ and ‘conservative’, was similar: there was no

e

statistically significant differences between the study arms
in the incidence of hypotension (9.7% vs. 8.4%), renal dys-
function (7.3% vs. 7.6%), hyperkalemia (7.7% vs. 4.4%), or
angioedema (0% vs. 0.8%).

In the group receiving low-dose ACEls/ARBs before
the study began, the ‘condensed’ titration of sacubi-
tril/valsartan led to a higher rate of hypotension than
the ‘conservative’ titration. In patients receiving high-dose
ACEIls/ARBs before the study began, the tolerability of the
two titration regimens was similar.

Cost-effectiveness

A study by Gaziano et al. published in JAMA Cardiology
assessed the cost-effectiveness of sacubitril/valsartan com-
pared with enalapril in the USA.>* In eligible patients with
HFrEF, a Markov model showed that sacubitril/valsartan
would increase life expectancy with an incremental
cost-effectiveness ratio comparable to that of other high-
value accepted cardiovascular interventions. Sensitivity
analyses showed that sacubitril/valsartan would remain
cost-effective vs. enalapril.

Since sacubitril/valsartan is a non-generic drug, the cost
to the patient compared to ACEls/ARBs may, for some
patients, be a hurdle. However, in view of the magnitude
of the prognostic gain associated with sacubitril/valsartan,
policy-makers may decide to adopt the same policy regard-
ing this drug as that adopted for anti-diabetics, making it
essentially free, at least for less well-off patients.

Potential impact on mortality

A study by Fonorow et al. published in JAMA Cardiology in
2016 concluded that the use of sacubitril/valsartan in the
USA could prevent about 28 500 deaths per year among
patients with HFrEF.> Extrapolation of these calculations for
Europe could mean the prevention of about 85 500 deaths
annually.

The new paradigm: transposition to clinical
practice

Recommendations of the European and American
cardiology societies

In view of the importance of the PARADIGM-HF trial results,
in 2016 the European Society of Cardiology (ESC) and the
American College of Cardiology/American Heart Associa-
tion/Heart Failure Society of America (ACC/AHA/HFSA)?24
simultaneously issued a class | recommendation that in
patients with chronic symptomatic HFrEF, in NYHA class I
or lll, who have tolerated an ACEl or an ARB, these drugs
should be replaced by sacubitril/valsartan, with the goal of
further reducing morbidity and mortality.

The new paradigm of neurohormonal modulation is thus
confirmed in the HFrEF treatment algorithm from the most
important cardiology societies.

According to the Summary of Product Characteristics for
Entresto, approved by the European Medicines Agency and
the Portuguese National Authority for Medicines and Health
Products (INFARMED), ‘‘Sacubitril/valsartan is indicated in
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adult patients for treatment of symptomatic chronic heart
failure with reduced ejection fraction’’.>

Despite the firm evidence of the benefit of this new
class of drug, its widespread use is far from desirable.
Clinical practitioners tend to underestimate the intrinsic
risk for HF-related morbidity and mortality in apparently
stable HFrEF patients, and resist changing their thera-
peutic strategy in patients who seem to be doing well.””
The value of sacubitril/valsartan is unquestionable even
in minimally symptomatic HF patients, given their high
short-term mortality. This may be due to the occurrence
of arrhythmic sudden death or to the vulnerability of HF
patients to factors inducing hemodynamic decompensa-
tion that is trivial to healthy individuals but extremely
important for the HF population, who, even if not seri-
ously symptomatic, are unable to adapt to hemodynamic
overload. This has been shown in PARADIGM-HF and other
trials.

Dosage and substitution rules

Sacubitril/valsartan is available in three doses: 50 mg
(24 mg/26 mg), 100 mg (49 mg/51 mg) and 200 mg
(97 mg/103 mg).

Co-administration of sacubitril/valsartan with an ACEI is
contraindicated due to the increased risk of angioedema.
Sacubitril/valsartan should only be started after 36 hours of
washout of ACEls.?%4%,5¢

Given that valsartan is an ARB, sacubitril/valsartan
should not be co-administered with another ARB.2' However,
a washout period of a previously administered ARB is not
necessary, and sacubitril/valsartan can be initiated at the
time of the next dose.

During the process of titration, blood pressure and serum
creatinine and potassium should be monitored.

Condensed titration: Patients who previously took high
doses of ACEl (enalapril >10 mg/day or equivalent) or
ARB (valsartan>160 mg/day or equivalent) can start sacu-
bitril/valsartan at a dose of 100 mg (49 mg/51 mg) twice
daily and after 3-4 weeks increase to 200 mg (97 mg/
103 mg) twice daily.

Conservative titration: Patients who were not previ-
ously treated with ACEIs or ARBs, or those who previously
took low doses of ACEl (enalapril<10 mg/day or equiva-
lent) or ARB (valsartan<160 mg/day or equivalent), or who
have SBP>100 and <110 mmHg, moderate to severe renal
impairment, or moderate hepatic impairment, can begin
sacubitril/valsartan at a dose of 50 mg (24 mg/26 mg) twice
daily. After 3-4 weeks, the dose can be increased to 100
mg (49 mg/51 mg) twice daily and, if this dose is tolerated,
can be increased further after 3-4 weeks to 200 mg (97 mg/
103 mg) twice daily.>®

Adverse events

The most frequently reported adverse reactions to sacu-
bitril/valsartan compared to enalapril in the PARADIGM-HF
trial®® were hypotension (16.7% vs. 10.6% of participants),
hyperkalemia (20.4% vs. 22.9%), and renal dysfunction (4.8%
vs. 6.5%). However, in most cases, these adverse events
were classified as non-serious; hypotension was a serious

adverse event in 1.4% of patients and renal failure in 1.02%.
Angioedema occurred in 0.5% of these patients.

Another important point to take into consideration is that
patients in clinical practice are often frailer and have more
severe disease than the PARADIGM-HF study population. In
fact, although the intrinsic risk of adverse events in real-
world patients may be higher, this may actually result in a
larger benefit of sacubitril/valsartan in absolute terms. This
should be taken into account by physicians who are hes-
itating to begin or up-titrate sacubitril/valsartan in these
patients.

Special warnings and precautions for use

Hypotension and hyperkalemia: Treatment should not be ini-
tiated if SBP<100 mmHg or serum potassium>5.4 mmol/l. If
hypotension occurs during treatment, dose adjustment of
diuretics and/or vasodilators and treatment of other causes
of hypotension (e.g. hypovolemia) should be considered.

If hypotension is not corrected by these measures, or
serum potassium falls below 5.4 mmol/l, discontinuation or
temporary dose reduction of sacubitril/valsartan should be
considered.>®

Of note, PARADIGM-HF enrolled a large number of
patients with low SBP, and those in the lowest SBP category
(including those with SBP<100 mmHg) attained the same
relative magnitude of benefit from sacubitril/valsartan as
patients in the trial overall.”® Because such patients are
at higher risk of adverse clinical outcomes, the same rel-
ative risk reduction with sacubitril/valsartan is expected to
give a greater absolute risk reduction. Using a conservative
up-titration regimen, the majority of patients are able to
tolerate the target dose of sacubitril/valsartan, and even
using a lower dose patients will still derive benefit compared
with enalapril.” These observations are reassuring and sup-
port the use of sacubitril/valsartan in patients with low SBP,
even less than 100 mmHg. Therefore, physicians should not
avoid prescribing this potentially life-saving treatment in
HF patients. Titration should be conservative and may not
achieve the target dose, but it should be attempted.%¢

Renal impairment and diabetes: In patients with
mild renal impairment (eGFR 60-90 ml/min/1.73 m?)
there is no need to adjust dosage. In patients with
moderate (eGFR 30-60 ml/min/1.73 m?) or severe
(eGFR<30 ml/min/1.73 m?) renal impairment a con-
servative titration should be performed. There is
limited clinical experience in patients with eGFR
<30 ml/min/1.73 m? and these patients may be at greater
risk of hypotension and hyperkalemia. Sacubitril/valsartan
is not recommended in patients with end-stage renal
disease.

If patients present clinically significant worsening of
renal function during the use of sacubitril/valsartan, a
temporary dose reduction or discontinuation should be
considered.>®

Sacubitril/valsartan, compared with enalapril, slowed
the rate of decrease in eGFR and had favorable effects on
cardiovascular and renal outcomes in patients with and with-
out chronic kidney disease.®” The observed increase in the
urinary albumin/creatinine ratio results from a block in the
reabsorption of protein in the proximal renal tubule and is
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not related to an increased rate of decline in glomerular fil-
tration, as it usually is with the use of RAAS inhibitors.®* This
finding is important and has therapeutic implications, since
conventional RAAS blockers are often withheld or withdrawn
in patients with heart failure and renal dysfunction.

Diabetes is another frequent comorbid condition in HFrEF.
In diabetic patients, sacubitril/valsartan has been shown to
have additional benefits beyond its cardiovascular impact,
attenuating the rate of decline in renal function and improv-
ing glycemic control %%

NYHA class IV: Clinical experience is very limited in this
population.®® The HFN-LIFE trial will provide valuable insight
into the practical use of sacubitril/valsartan in patients
with advanced HF, prospectively comparing its effectiveness
with valsartan alone, in a randomized, double-blind trial of
approximately 400 subjects with NYHA class IV heart failure
(ClinicalTrials.gov identifier NCT02816736).

Hepatic impairment: In patients with mild hepatic
impairment (Child-Pugh class A) dose adjustment is not
necessary. In patients with moderate hepatic impair-
ment (Child-Pugh class B) or with aspartate aminotrans-
ferase/alanine aminotransferase values twice the upper
limit of normal, caution and conservative titration are
recommended. Sacubitril/valsartan is contraindicated in
patients with severe hepatic impairment, biliary cirrhosis
or cholestasis (Child-Pugh class C).

Drug interactions: Sacubitril/valsartan may increase the
serum concentration of atorvastatin, resulting in significan-
tly greater blood pressure reduction if co-administered with
phosphodiesterase type 5 inhibitors, including sildenafil, and
may increase the risk of worsening of renal function if co-
administered with non-steroidal anti-inflammatory drugs.
Caution is recommended in these circumstances.>

Use of NT-proBNP to monitor therapy
with sacubitril/valsartan for heart failure

Neprilysin hydrolyzes BNP but not NT-proBNP.%> Therapy with
sacubitril/valsartan thus induces an increase in BNP levels
as a result of neprilysin inhibition. NT-proBNP is there-
fore a useful biomarker to assess therapeutic effect and
prognosis in patients treated with neprilysin inhibitors.
However, currently available commercial assays for detec-
tion of NT-proBNP and BNP actually measure a mixture of
the two peptides. Furthermore, it remains unclear whether
degradation or oligomerization of either BNP or NT-proBNP
impairs the accuracy of commercial assays used for their
detection.

Conclusion

Stimulation of counter-regulatory systems such as the
NPs, which counter the effects of the RAAS, in addition to
neurohormonal blockade (antagonism of regulatory systems
such as the RAAS and SNS), constitutes a new paradigm,
termed neurohormonal modulation. Sacubitril/valsartan is
the first element of this new strategy.

The PARADIGM-HF trial demonstrated the overwhelming
superiority of sacubitril/valsartan compared to enalapril,
with a two-fold greater effect on cardiovascular mortal-
ity compared to ACEls. Accordingly, in 2016, the ESC and

ACC/AHA/HFSA simultaneously issued a class | indication for
the replacement of ACEls by sacubitril/valsartan in these
patients, with the goal of further reducing hospitalization
and death due to HF.

Considering the high prevalence, morbidity and mortality
of HF and the enormous economic burden that it represents
in Portugal, sacubitril/valsartan is unquestionably an impor-
tant addition to the therapeutic armamentarium of HFrEF in
our population.

Finally, the forthcoming PIONEER-HF (ClinicalTrials.gov
identifier NCT02554890) and TRANSITION (ClinicalTrials.gov
identifier NCT02661217) trials should answer the question of
inpatient vs. outpatient initiation of angiotensin receptor-
neprilysin inhibitors in acute HF.

The Portuguese team of investigators of the PARADIGM-
HF trial: Servico de Cardiologia do Centro Hospitalar
de S. Joao - J. Silva-Cardoso (Principal Investigator),
S. Amorim, M. Campelo, B. Moura, A. Gomes, A. Lebreiro,
E. Martins, M. Paiva, A. Sousa; Servico de Cardiologia
do Centro Hospitalar do Alto Ave - F. Canario-Almeida
(Principal Investigator), J. Guardado, V. Hugo; Servico
de Cardiologia do Centro Hospitalar do Tamega e
Sousa - A. Andrade (Principal Investigator), C. Queirds,
N. Moreno; Servico de Cardiologia do Centro Hospi-
talar Cova da Beira - L. Oliveira (Principal Investi-
gator), E. Dias, A. Peixeiro; Hospital Dr. José Maria
Grande (Unidade Local de Salde do Norte Alentejano)
- F. Padua (Principal Investigator), J. Segurado; Servico
de Medicina Ill do Hospital Sao Francisco Xavier, Lisboa
- C. Fonseca (Principal Investigator), P. Sarmento, I. AraGjo,
F. Marques; Servico de Medicina Il do Hospital Prof. Doutor
Fernando Fonseca - N. Braganca (Principal Investigator),
T. Cruz, A. Ricardo; Servico de Cardiologia do Centro Hospi-
talar de Tras-os-Montes e Alto Douro - S. Carvalho (Principal
Investigator), P. Magalhaes, |. Moreira; Servico de Cardiolo-
gia do Hospital de Santa Marta - R. M. Soares (Principal
Investigator), J. Feliciano, L. Cardona, F. Ferreira; Servico
de Cardiologia do Hospital de Sao Bernardo - J. Fer-
reira Santos (Principal Investigator), L. Mendes, I. Silvestre,
0. Simoes, R. Rodrigues.
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