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Abstract

Heart failure (HF) treatment has changed substantially over the last 30 years, leading to significant reductions in mortality and
hospital admissions in patients with HF with reduced ejection fraction (HFrEF). Currently, the optimization of
guideline-directed chronic HF therapy remains the mainstay to further improve quality of life, mortality, and HF hospitaliza-
tions for patients with HFrEF. The angiotensin receptor-neprilysin inhibitor sacubitril/valsartan (S/V) has an important role
in the treatment of patients with HFrEF. The PARADIGM-HF (Prospective Comparison of ARNI with ACEI to Determine Impact
on Global Mortality and Morbidity in Heart Failure) randomized controlled trial has established solid evidence for the treat-
ment of HFrEF in various subgroups. Apart from HFrEF, several studies have been conducted using S/V in various indications:
patients hospitalized with acute decompensated HF, HF with preserved ejection fraction, acute myocardial infarction with re-
duced ejection fraction, uncontrolled and resistant hypertension, and chronic kidney disease. Data from the German Institute
for Drug Use Evaluation reveal that implementation of S/V has increased steadily over time and, by the end of 2021, an esti-
mated 266 000 patients were treated with S/V in Germany. The estimated cumulative real-world patient exposure is >5.5 mil-
lion patient-treatment years worldwide. The number of patients treated with S/V largely exceeds the number of patients
treated in clinical trials, and the current indication for S/V is larger than the strict inclusion/exclusion criteria of the random-
ized trials. Especially elderly patients, women, and patients with more and more severe comorbidities are underrepresented in
the clinical trials. We therefore aimed to summarize the importance of S/V in HF in terms of efficacy and safety in clinical trials
and daily clinical practice.
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Introduction

Heart failure (HF) is one of the most rapidly growing cardio-
vascular (CV) conditions, imposing a substantial burden on
healthcare systems worldwide.1,2 Over the last 15–20 years,
a remarkable development of HF pharmacotherapies has
been achieved.2,3 However, HF remains a global epidemic
with more than 64 million patients worldwide, accounting
for 9.91 million years lost due to disability (YLDs) and
346.17 billion US $ expenditure.4 For illustration, in
Germany, HF prevalence has been estimated to be 3.9%,5

and the number of HF hospitalizations increased continu-
ously and has almost doubled between 2000 and 2017.6

Additionally, HF continues to be the most common cause
of hospitalization and in-hospital death.5–7

Over the last 10 years, new HF drugs have merged
targeting various pathways, such as those that simulta-
neously suppress the renin-angiotensin-aldosterone system
(RAAS) and the breakdown of endogenous natriuretic pep-
tides [e.g. sacubitril/valsartan (S/V)].2,3 More recently, other
potential treatment mechanisms have been explored, such
as the sodium/glucose co-transporter inhibitors (SGLT2i),
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the guanylate cyclase stimulators, and the cardiac myosin
activators.2 However, because the transferability of the re-
sults from randomized controlled trials (RCTs) into clinical
practice is challenging, and inertia and resilience to imple-
ment even highly effective novel treatment options are
known constraints,8 we aimed to summarize treatment with
S/V in HF in terms of efficacy/effectiveness and safety in
clinical trials and daily clinical practice.

Methods

We systematically searched the bibliographic database
MEDLINE (via PubMed) from 1 January 1990 until 31 Decem-
ber 2021 for clinical trials, real-world data from observational
studies, and registries and/or systematic reviews/meta-
analyses reporting efficacy/effectiveness and/or safety/
pharmacovigilance data for S/V. We included articles in
English, German, and French. We conducted searches using
subject terms and keywords searching. We used the pre-
specified MESH, title/abstract, and publication type terms
(Supporting Information S1).

Regarding efficacy/effectiveness, we focused on the indi-
cation as per European Medicines Agency (EMA) approval,
that is, heart failure with reduced ejection fraction (HFrEF).
Regarding safety and tolerability, again, we included prefer-
entially data on patients with HFrEF, but we also took HF with
mildly reduced ejection fraction (HFmrEF), HF with preserved
ejection fraction (HFpEF), and other indications and aggre-
gated data from pharmacovigilance into account, assuring a
holistic understanding of S/V’s safety and tolerability profile.

We disregarded individual case reports and case series
as well as real-world studies already included in compre-
hensive systematic reviews/meta-analyses and Periodic
Safety Update Reports (PSURs) in order to avoid undue
granularity. In case of manifold systematic reviews/meta-
analyses accruing over time, mostly, the newest one has
been taken into account, in order to present the most
up-to-date data and to avoid outdated or redundant
statements.

The data collated from literature were complemented by
and correlated to previously unpublished data that are
novel and/or were not yet publicly available. The latter in-
cludes, firstly, proprietary information regarding, for exam-
ple, drug approvals and patient numbers/exposure in clini-
cal trials and in real-world practice and, secondly,
fundamental insights into the PSURs for S/V provided by
Novartis Pharma AG to drug regulatory agencies [e.g.
EMA, the U.S. Food and Drug Administration (FDA), the
Swiss Agency for Therapeutic Products (Swissmedic), or
the U.K. Medicines and Healthcare products Regulatory
Agency (MHRA)] and national competent authorities [e.g.
the Federal Institute for Drugs and Medical Devices (BfArM)

in Germany or the Austrian Agency for Health and
Food Safety (AGES)]. PSURs are being mandated by and
shared with health authorities and/or drug regulatory agen-
cies for all approved medicinal products on a regular basis,
and they include, along with other safety data, also the
case reports as well as the case series that were
disregarded above. They represent comprehensive
pharmacovigilance assessments that critically analyse the
totality of worldwide safety data and are intended to pro-
vide an evaluation of the risk–benefit balance of a medici-
nal product at defined time points after its marketing
authorization.9

Thirdly, we analysed the database of the German Institute
for Drug Use Evaluation (Deutsches Arzneiprüfungsinstitut e.
V., DAPI) in order to analyse and elucidate the implementa-
tion of S/V in real-world clinical practice in Germany between
Q1/2016 (product launch) and Q4/2021 (latest quarter avail-
able). The DAPI database contains anonymized dispensing
data from more than 80% (until June 2019) and more than
95% (from July 2019 onwards) of Germany’s community
pharmacies, claimed at the expense of the statutory health
insurance (SHI) funds. Data were extrapolated by regional
factors to 100% of the SHI-insured population, which ac-
counts for approximately 88% of Germany’s population, that
is, approximately 73.3 million subjects.10 Fourthly, we report
data obtained from IQVIA,11 a healthcare data provider offer-
ing the IQVIA Analytic Platform that covers ~80% of the Ger-
man prescription market. Prescription data were collected on
a physician level and aggregated towards a practice level in
order to inform on the share of general practitioners’ (GPs’)
practices and office-based cardiologists’ (OBCs’) practices
that prescribed S/V in Q4/2021. All data were fully
anonymized. Fifthly, we analysed the IQVIA™ longitudinal pre-
scription (LRx) database (data status as of January 2022) that
covers approximately 80% of SHI claims in Germany.
Anonymized treatment courses are longitudinal across pre-
scribers and pharmacies and allow accurate description and
quantification of treatments and basic patient demographics
such as age and gender. To quantify patients on S/V treat-
ment, the number of distinct treatment histories with at least
1 day of supply each quarter was extrapolated to total na-
tional retail pharmacy sales. Constants to extrapolate LRx pa-
tient counts to national retail levels were determined from
the ratio of observed claimed packs in LRx vs. total national
claims in the IQVIA™ PharmaScope database. The share of
S/V patients with concurrent SGLT2i therapy (dapagliflozin,
empagliflozin, canagliflozin, or ertugliflozin as mono or
fixed-dose combination product) was approximated by deter-
mining the number of treatment days with supply of S/V,
SGLT2i, and both, respectively. In each quarter, patients were
classified S/V, S/V + SGLT2i, or SGLT2i alone, based on the
regimen with most treatment days. The fraction of patients
with co-treatment was defined as (S/V + SGLT2i) divided by
S/V.
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Pharmacology and clinical
development programme

Sacubitril/valsartan (LCZ696) is a first-in-class angiotensin re-
ceptor-neprilysin inhibitor (ARNI). By simultaneous inhibition
of neprilysin and blocking the angiotensin (AT1) receptor, S/V
complements the beneficial effects of inhibition of the mal-
adaptive effects of the activated RAAS with the feature of en-
hancing the adaptive effects of the endogenous natriuretic
peptide system. The latter’s vasodilatory, natriuretic, and di-
uretic actions12 co-determine the antiproliferative,
antihypertrophic, and antifibrotic effects of ARNI13 and ulti-
mately their superior effect on beneficial reverse cardiac re-
modelling over angiotensin-converting enzyme inhibitors
(ACEi)/angiotensin receptor blocker (ARB).14

Sacubitril/valsartan has been extensively studied in a com-
prehensive clinical development programme that focuses on
HF ‘Fortifying Heart Failure clinical evidence and patient qual-
ity of life’ [FortiHFy programme that, albeit focusing on
HFrEF, covers the whole spectrum of ejection fraction (EF)]
and also addresses hypertension15 and post-myocardial in-
farction (MI) care.16 Overall, more than 30 000 subjects have
been exposed to S/V in clinical trials,17–19 among many
others, with >22 500 patients participating in HF trials
(Figure 1). Because we are capitalizing on its EMA approved
indication, particularly, the HFrEF outcomes of S/V will be
outlined and discussed below.

Heart failure with reduced ejection
fraction: efficacy in and outside clinical
trials

Efficacy of sacubitril/valsartan in the PARADIGM-
HF trial

PARADIGM-HF (Prospective Comparison of ARNI with ACEI to
Determine Impact on Global Mortality and Morbidity in Heart
Failure) was an RCT designed to test the superiority of S/V
compared with enalapril in improving morbidity and mortal-
ity in patients with HFrEF.17 Overall and after a median
follow-up of 27 months, S/V was superior to the standard-
of-care enalapril in reducing HF hospitalizations by 21%, CV
mortality by 20%, and all-cause mortality by 16%.17

Further sub-analysis from this trial showed a reduction in
sudden cardiac death rate, similarly in patients without as
well as in those with an implantable cardioverter defibrillator
(ICD)20 and prolonged estimated survival and event-free
survival.21 S/V was superior to enalapril in improving quality
of life (QoL)17,22 as well as functional and social activity.23 Ad-
ditionally, S/V demonstrated a reduction in the incidence of
diabetes requiring insulin treatment,24 slowing decline in esti-
mated glomerular filtration rate (eGFR),25 a lower rate of
hyperkalaemia,26 and a lower requirement of loop diuretics.27

Interestingly, patients on S/V showed a reduction in bio-
markers known to predict clinical outcomes, for example,

Figure 1 Sacubitril/valsartan is approved in 117 countries. Sacubitril/valsartan in randomized clinical trials and real-world practice in Germany. GP,
general practitioner; OBC, office-based cardiologist.
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N-terminal pro-b-type natriuretic peptide (NT-proBNP) as
well as troponin T28 and soluble suppression of
tumorigenesis-2 (sST2).29 Of note, S/V was able to demon-
strate an early clinically relevant benefit already at 30 days.28

The superiority of S/V over ACEi in the PARADIGM-HF trial
was independent of the aetiology and HF duration, age, back-
ground medications, EF, blood pressure, liver function, the
presence of diabetes, chronic kidney disease (CKD), chronic
obstructive pulmonary disease (COPD), or pulmonary conges-
tion and previous HF hospitalization as well as
geography.25,30–41

Based on the above and according to the 2021 European
as well the American guidelines for the treatment of HF, S/
V has a class I recommendation as a first-line therapy for sta-
ble HFrEF patients.42,43

Acute decompensated and severe heart failure

The initiation of S/V in patients hospitalized for acute decom-
pensated HF (ADHF) shortly after haemodynamic stabilization
is feasible and safe.44,45 The PIONEER-HF (Comparison of Sa-
cubitril–Valsartan vs. Enalapril on Effect on NT-proBNP in Pa-
tients Stabilized from an Acute Heart Failure Episode) trial in-
cluded patients during hospitalization for ADHF.44 S/V led to
a greater unloading of the heart suggested by a stronger re-
duction of NT-proBNP concentration and a reduction of ex-
ploratory outcomes (HF re-hospitalizations, left ventricular
assist device implantation, death, and heart transplantation)
compared with enalapril therapy without safety concerns.44

Notably, this trial was not powered for clinical endpoints
but still provides signals for risk reduction.

In a recent systematic review, the management of clinically
stabilized patients hospitalized for ADHF with S/V signifi-
cantly reduces the risk of serious clinical events and reduces
NT-proBNP concentrations.46

As such, initiation of S/V in ACEi-naïve patients with HFrEF
may be considered (class of recommendation IIb, level of ev-
idence B).43

In the recent LIFE investigator-initiated trial, performed in
patients with advanced HFrEF who experienced New York
Heart Association (NYHA) class IV symptoms within the previ-
ous 3 months or required chronic inotropic therapy, no statis-
tically significant differences between S/V and valsartan with
respect to reducing NT-proBNP levels (primary outcome) and
clinical outcomes (secondary and tertiary outcomes) were
observed.47 However, the trial was underpowered to detect
differences in clinical outcomes and has been prematurely
discontinued due to the COVID-19 pandemic.47

Post-myocardial infarction

Recently, the PARADISE-MI (Prospective ARNI vs. ACE inhibi-
tor trial to Determine Superiority in reducing heart failure

Events after Myocardial Infarction) trial investigated the effi-
cacy and safety of S/V compared with ramipril initiated early
after acute myocardial infarction (AMI) in patients without
previous HF but with reduced left ventricular EF and/or tran-
sient pulmonary congestion.18 S/V did not reduce the primary
endpoint (CV death, first HF hospitalization, or outpatient HF
visit) in a contemporary enriched AMI population, compared
with ramipril. Rates were numerically lower in the S/V arm,
and the composite endpoints that included all HF events,
not just the first one, or investigator-reported HF events, re-
spectively, showed a benefit with S/V.48 Remarkably, in this
vulnerable high-risk post-AMI patient population (76% with
ST-elevation myocardial inarction (STEMI)), included in a trial
with early treatment initiation (mean time from hospitaliza-
tion to randomization 4.3 days) and without a run-in phase,
comparable safety and tolerability was shown. Treatment dis-
continuations overall and because of adverse events (AEs) or
severe AEs (SAEs) were all similar between S/V and ramipril
groups, as was the safety profile obtained from extensive se-
rum monitoring for hyperkalaemia, renal function, and
liver-enzyme abnormalities. Hypotension was more common
with S/V, and cough was more common with ramipril (both
P < 0.001), as were hepatotoxic effects (P = 0.04). The rates
of angioedema (0.5% vs. 0.6%, P = 0.59) and cognitive impair-
ment (1.9% vs. 2.1%, P = 0.57) were not significantly
different.18

Effectiveness outside clinical trials

Effectiveness of ARNI compared with RAASi (ACEi/ARB) was
demonstrated in a cohort study of 51 208 HFrEF patients
≥65 years in clinical daily practice in the USA.49 In a propen-
sity score-matched analysis, the primary endpoint of CV
death/HF hospitalization was lower in S/V-treated patients
with a hazard ratio (HR) of 0.84 (95% confidence interval
0.80–0.89, P = 0.001). No evidence of treatment effect het-
erogeneity was observed across pre-specified subgroups. Re-
garding the primary endpoint, the HR for S/V patients with-
out and with prior RAASi therapy was below 1. All-cause
mortality was significantly lower in S/V patients in both sub-
groups, that is, in patients with and without prior RAASi.49

Additionally, in a propensity score-matched database anal-
ysis from Taiwan, 502 ARNI users and 489 ARB users were in-
cluded in clinical outcome analyses.50 Patients who received
ARNI therapy had a significantly lower risk of the primary
composite outcome of CV death/HF hospitalization than pa-
tients who received ARBs only.50

Moreover, a recent systematic review incorporating 68
unique studies51 assessed the effectiveness of S/V in stable
HFrEF. Most of the studies performing comparisons reported
superior effectiveness of S/V in reducing the risk of HF hospi-
talization, all-cause hospitalization, and all-cause mortality as
compared with standard of care. A meta-analysis was con-
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ducted only for all-cause mortality, showing that S/V use was
associated with a significant reduction of 25% compared with
ACEi/ARBs based on concordant findings in all three compara-
tive real-world studies reporting this endpoint51 (Figure 2).

Safety and tolerability in and outside
clinical trials

The superiority of S/V over enalapril in PARADIGM-HF was
not accompanied by major safety issues with an overall safety
and tolerability comparable with ACEi.17 S/V was associated
with significantly less drug discontinuations due to AEs or re-
nal impairment, less hyperkalaemia > 6 mmol/L, and less
cough compared with enalapril. Conversely, patients on S/V
were more likely to have symptomatic hypotension, but dis-
continuation of study drug due to hypotension was infre-
quent and comparable between both groups.17

The initiation of S/V in patients hospitalized for ADHF
shortly after haemodynamic stabilization is also safe.44,45 In
the PIONEER-HF trial, rates of worsening renal function
(WRF), hyperkalaemia, symptomatic hypotension, and angio-
edema did not differ significantly between the enalapril and
S/V groups.44 This was also true in numerous high-risk sub-
groups including patients with low baseline systolic blood
pressure (SBP) (〈=118 mmHg) and CKD (<60 mL/min/
1.73 m2)52 as well as in patients with new-onset HF and those
naïve to RAASi pre-treatment.53

In the TRANSITION trial, S/V initiation in the hospital or
within 2 weeks after discharge showed similar tolerability,
and discontinuation rates due to AEs remained low in both
groups.45 Moreover, TRANSITION trial data support tolerabil-
ity of S/V in patients with de novo HF, of whom many were
not pre-treated with RAASi, as these patients were more
likely to obtain target dose and less likely to experience SAEs
or to discontinue treatment due to AEs compared with pa-
tients with prior HFrEF diagnosis.54

In the LIFE trial, there were no differences with respect to
the development of symptomatic hypotension or WRF be-

tween the treatment arms, whereas significantly more pa-
tients developed hyperkalaemia in the S/V arm (17%) com-
pared with the valsartan arm (9%) (P = 0.04). There were
no significant differences in other secondary tolerability end-
points or SAEs between the treatment arms in a vulnerable
population of patients with severe advanced HF in whom
medical treatment options are limited.47

Kim et al. explored the safety profile of S/V in 15 538 HFrEF
patients, by comparing AEs in RCTs and real-world use.55

They showed that in clinical trials, there was no statistical dif-
ference in the composite of hypotension, renal dysfunction,
hyperkalaemia, and angioedema between S/V and its com-
parators (ACEi or ARBs). With regard to individual AEs, hypo-
tension was more frequent with S/V, whereas renal dysfunc-
tion was less frequent. Similar patterns were found in
real-world pharmacovigilance analyses based on FDA data:
while hypotension exhibited a stronger association to S/V
compared with other commonly used HF medications, the
opposite was true for renal dysfunction, hyperkalaemia, and
angioedema that showed stronger association with ACEi
(enalapril and lisinopril) and spironolactone than with S/V.
The authors concluded that risks of hypotension, renal dys-
function, hyperkalaemia, and angioedema appear low and ac-
ceptable in both RCTs and global clinical practice.55

Moreover, a recent meta-analysis of cohort studies
assessed sex-specific data on major adverse outcomes and
long-term safety in 8981 patients treated with S/V. AEs were
infrequent in both men and women and comparable with the
findings of the pivotal trials, indicating that the safety of S/V
can be replicated outside the clinical trial context.56

Efficacy and safety in patients with
heart failure with preserved ejection
fraction

The PARAGON-HF (Prospective Comparison of ARNI with ARB
Global Outcomes in HF with Preserved Ejection Fraction) trial
evaluated the effect of S/V in patients with HFpEF compared

Figure 2 Effectiveness of sacubitril/valsartan compared with ACEi/ARBs in chronic HFrEF in randomized clinical trials and real-world practice. ACEi,
angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; CV, cardiovascular; HFrEF, heart failure with reduced ejection fraction;
HHF, heart failure hospitalization.
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with valsartan.19 S/V did not result in a significantly lower
rate of total hospitalizations for HF and death from CV causes
among patients with HF and an EF of 45% or higher. In this
trial, AEs and SAEs of S/V were similar to valsartan. Rates of
hypotension and angioedema were higher; however, a lower
incidence of hyperkalaemia and serum creatinine ≥ 2 mmol/L
were observed.19 Furthermore, the decline in eGFR was less
for S/V than for valsartan. Reduction in adverse renal out-
comes was independent of baseline eGFR [<60 vs. ≥60 mL/
min/1.73 m2 (P-interaction = 0.92)].57

In the PARALLAX-HF trial, 2572 patients with HF, EF> 40%,
elevated NT-proBNP levels, and reduced QoL were enrolled
and randomized to S/V or standard medical therapy, in order
to assess changes in NT-proBNP and 6 min walk test.58 S/V
was associated with a reduction in NT-proBNP. However,
ARNI was not associated with improvements in 6 min walk
distance, Kansas City Cardiomyopathy Questionnaire—Clini-
cal Summary Score (KCCQ-CSS), or NYHA class. Regarding
safety, SAEs were reported in similar proportions of patients
in both groups. However, AEs and study drug-related AEs
were significantly more frequent in the S/V group, driven by
hypotension and albuminuria. Angioedema was infrequent
and not different between treatment groups (0.3% vs.
0.2%). Patients in the S/V group had a significantly lower de-
cline in renal function (eGFR) at 24 weeks.58

Recently, data from PARAGON-HF and PARADIGM-HF were
pooled in order to examine S/V treatment effects across the

spectrum of EF.59 This showed that above an EF of approxi-
mately 55%, there was no detectable effect of S/V and that
in the previously unstudied ‘EF gap’ of 40–50%, S/V signifi-
cantly reduced hospitalization and mortality rates. Therefore
and according to the 2021 HF European guidelines, S/V may
be considered for patients with HFmrEF to reduce the risk
of HF hospitalization and death.43

Pharmacovigilance, pursuant to
Periodic Safety Update Reports

From 7 July 2015 up to 31 July 2021 (last available PSUR
cut-off date), the estimated cumulative post-marketing pa-
tient exposure (excluding clinical trial exposure) was
5 501 708 patient-treatment years. The critical analysis of
the worldwide safety data has revealed that the overall ben-
efit–risk profile remains favourable and the benefit–risk bal-
ance of S/V in patients with HFrEF has remained positive
and unchanged. Indeed, the identified risks of hypotension,
renal impairment, hyperkalaemia, and angioedema have
been well characterized during the post-marketing period
and the reporting rates of these risks have been decreasing
constantly from PSUR 1 (2015) to PSUR 9 (2021) (Figure 3).
The higher reporting rates of these risks observed in the pe-
riod from PSUR 1 to PSUR 4 are consistent with a Weber ef-

Figure 3 Exposure-adjusted reporting rate of (A) hypotension cases, (B) renal impairment cases, (C) hyperkalaemia cases, (D) angioedema cases, and
(E) cognitive impairment cases. CI, confidence interval; PSUR, Periodic Safety Update Report.
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fect, which is a phenomenon of increased volume of reported
AEs for a new drug within its first years of approval. Indeed,
the cumulative exposure-adjusted reporting rate provides a
more accurate estimator because it reflects the totality of re-
ported cases related to the overall number of
patient-treatment years over the entire investigation period
from PSUR 1 to PSUR 9. This also applies with respect to
the potential risk of cognitive impairment that had been
raised before S/V approval, based on theoretical consider-
ations tracing back to basic research60 (Figure 3).

In line with data from recent preclinical and clinical
studies48,61–63 and analyses of data from Novartis and EMA
pharmacovigilance databases, the last PSUR concludes that,
based upon the totality of data available, to date, there is
no clinical evidence to suggest a causal association between
S/V and cognitive impairment.

In accordance with a requirement of the FDA, the ongoing
Prospective Evaluation of Cognitive Function in Heart Failure:
Efficacy and Safety of Entresto compared to Valsartan on
Cognitive Function in Patients with Chronic Heart Failure
and Preserved Ejection Fraction (PERSPECTIVE;
NCT02884206) multicentre, randomized, double-blinded trial
is assessing the long-term neurocognitive effects and safety
of S/V, and results are expected in the second half of 2022.
Considering the potentially low incremental impact on the in-
dividual HF patient’s functioning and QoL, the impact of this
potential risk in the benefit–risk balance is deemed low.

Thus, the extensive post-marketing experience has re-
vealed no additional important identified or potential risk
and portends a replicable long-term safety of S/V outside
the clinical trial context.

Efficacy and safety in subgroups of
interest

Combination of sacubitril/valsartan with other
heart failure drugs

The superiority of S/V over ACEi in the PARADIGM-HF trial
was independent of background medication.33 Initiation of
S/V, even when titrated to the target dose, did not lead to
greater discontinuation or dose down-titrations of other key
guideline-directed medical therapies and was associated with
fewer discontinuations of mineralocorticoid receptor antago-
nists (MRA).64 Moreover, severe hyperkalaemia was more
likely during treatment with enalapril than with S/V among
MRA-treated patients with symptomatic HFrEF in PARA-
DIGM-HF.26 The combination of S/V and SGLT2i is efficacious,
safe, and well tolerated.65–69 Sub-analyses from the two large
HFrEF outcome trials with the SGLT2i dapagliflozin and
empagliflozin65,66 demonstrate that patients treated with S/
V derive at least the same additional benefit from SGLT2i

treatment as patients not on S/V.3 Administration of SGLT2i
on top of S/V was well tolerated, with similar rates of treat-
ment discontinuations (overall and because of AEs), SAEs
and AEs related to hyperkalaemia, hypotension, or WRF, as
compared with placebo.65,66 Thus, the combination of the
‘fantastic four’ drugs in HFrEF for maximum benefit on mor-
tality, HF hospitalizations, and symptoms consists of S/V,
beta-blocker, MRA, and SGLT2i.3,43 Real-world data from a
propensity score-matched retrospective observational study
with a median follow-up of 27.6 months showed that combi-
nation of ARNI and SGLT2i was associated with a lower risk of
HF hospitalization and CV mortality as compared with using
either S/V or SGLT2i or ACEi/ARB. Combination of S/V and
SGLT2i was also associated with echocardiographic improve-
ments that were more prominent after the initiation of S/V,
compared with the initiation of SGLT2i.67 Similarly,
real-world data from Taiwan showed that a combination of
SGLT2i and S/V in diabetic patients with HFrEF was well toler-
ated and associated with a significantly lower risk of HF hos-
pitalization and a composite of all-cause death or HF hospital-
ization as compared with patients with conventional therapy
(ACEi/ARB).68 In a Spanish registry that included 144 HFrEF
patients who were treated with ARNI and SGLT2i,
co-administration was associated with a slight eGFR reduc-
tion, in line with findings from large, published trials with
SGLT2i separately. None of the patients developed
hyperkalaemia. With regard to clinical endpoints, combina-
tion therapy was associated with a statistically significant im-
provement in NYHA class throughout the 6 months of the
study.69

Safety in chronic kidney disease patients

The UK HARP-III RCT included 414 patients with CKD (eGFR 20
to 60 mL/min/1.73 m2) who were randomly assigned to S/V
97/103 mg twice daily vs. the ARB irbesartan 300 mg once
daily. Renal effects were similar with regard to efficacy and
safety. S/V reduced SBP and diastolic blood pressure, levels
of troponin I, and NT-proBNP.70

In PARADIGM-HF, a post hoc composite renal outcome
[≥50% reduction in eGFR or end-stage renal disease (ESRD)]
was reduced in the overall cohort (P = 0.028), with consistent
effects in patients with and without CKD at screening (P-in-
teraction = 0.97). Similarly, the number of patients stopping
study drug because of a renal AE was significantly lower in
the S/V group (P = 0.002), comparably in patients with and
without CKD (P-interaction = 0.54). Likewise, the decline in
eGFR was lower with S/V compared with enalapril
(P < 0.001), once again with similar effects in patients with
and without CKD at screening (P-interaction = 0.54).25

Complementary results have also been reported in
real-world HFrEF patients.71–73 In an observational US study
among patients with systolic HF, renal safety was assessed in
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4667 matched pairs receiving S/V or ACEi/ARB. After a mean
follow-up period of 7.8 months, the risk of adverse renal out-
comes was similar between patients prescribed S/V and those
prescribed ACEi/ARB, independent from baseline eGFR.71

Among normotensive HFrEF patients (SBP ≥ 100 mmHg) with
different CKD stages, treatment with S/V showed more
favourable clinical outcomes than treatment with standard
HF care without ARNI, both in patients with CKD stages I–III
and in patients with CKD stages IV and V.72

An Italian real-world study assessed the clinical relevance of
transient WRF after initiation of S/V in 202 HFrEF outpatients.
Early WRF defined as a>20% decrease in eGFR occurring after
1 month of ARNI therapy occurred in one-third of patients.
However, early WRF had no impact on clinical outcomes dur-
ing a mean follow-up of 650 days. In addition, the renal func-
tion recovered in patients with early WRF at 3 months, with
an improvement in eGFR at 1 year compared with baseline
value (62 ± 9.3 vs. 69 ± 8.6 mL/min/1.73 m2; P < 0.01).73

Figure 4 (A) Dispensings of sacubitril/valsartan (S/V) (Entresto®) to statutory health-insured patients in defined daily doses in Germany from 2016 to
2021 (Source: DAPI database). (B) Number of first-time S/V patients by month and gender in the IQVIA LRx panel, from January 2016 to December
2021. Absolute numbers as provided in the y-axis refer to the IQVIA LRx panel that reflects ~80% of the German SHI market. To derive the total number
of first-time S/V patients per month, a correction factor has to be applied (multiply with ~1.5).
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In a retrospective observational study from Korea, 23
HFrEF patients with ESRD on dialysis initiated with S/V were
identified. After a median follow-up of 132 days, S/V
treatment was associated with a reduction of high-sensitive
troponin T (hsTnT) and sST2 levels and an improvement in
EF (all P < 0.01) and regarded as safe. Five patients
experienced AEs and down-titration, but none discontinued
S/V therapy.74

An observational study from China aiming to analyse the
efficacy and pharmacokinetic (PK) properties of S/V in HF pa-
tients on dialysis provides extensive PK as well as clinical data
on 11 haemodialysis patients with HFrEF (n = 6) or HFmrEF
(n = 5) who were treated with S/V and followed up for 4 to
18 months. Sacubitrilat, the active metabolite of the prodrug
sacubitril, and valsartan were not removed by dialysis
filtration, but their levels remained within the safe ranges
on the interdialytic interval days. Moreover, S/V up to
100 mg twice daily was safe and associated with a
significant improvement in EF and reductions in NT-proBNP
and hsTnT (all P < 0.05) in HF patients undergoing
haemodialysis.75

Implementation of sacubitril/valsartan
in clinical practice

Sacubitril/valsartan has received FDA and EMA approvals for
the treatment of HFrEF in 2015 and is currently approved in
117 countries76,77 (Figure 1). In the USA, the estimated pro-
portion of HFrEF patients prescribed S/V was 3.6% (1.5–
6.8%) for Medicare and 13.7% (4.9–31.8%) for commercial
plan populations.78

Up to mid-2021, the estimated cumulative real-world pa-
tient exposure was >5.5 million patient-treatment years
worldwide, thereof >1.3 million patient-treatment years in
the European Union and >500 000 patient-treatment years
in Germany. In Germany, implementation of S/V in routine
care has increased steadily over time, soaring to a supply of
>18 million defined daily doses (DDD) in Q4/2021 in statu-
tory health-insured patients (Figure 4A). Correspondingly,
>266 000 patients received S/V in Q4/2021 (Figure 1). A total
of 24.1% of these patients were prescribed concomitantly
with an SGLT2i. The number of new S/V patients also mark-
edly increased over time. Gender was known for ~92% of
newly prescribed S/V patients throughout the entire 6 years’
observation period (Figure 4B).

In Q1/2021, 76% of the GP practices and 90% of the OBC
practices prescribed S/V, further increasing to 81% (GP
practices) and 92% (OBC practices) in Q4/2021 (Figure 1).
Moreover, 16% of the GP and 27% of the OBC practices co-
prescribed S/V and an SGLT2i in at least one patient in Q1/
2021, with a marked increase to 39% (GP practices) and
61% (OBC practices) in Q4/2021. These increases in S/V utili-

zation reflect that extensive evidence from clinical trials and
accumulating experiential knowledge from real-world clinical
practice now indicate that selecting S/V as first choice, in
place of ACEi/ARBs and early in the treatment pathway, is
feasible and associated with an incremental prognostic bene-
fit in the majority of patients with HFrEF. Based on the total-
ity of data and supported by recent guidelines, we predicate
that ARNIs are preferred agents and should be used ahead
and instead of ACEi (or ARB) in symptomatic HFrEF patients,
including in RAASi-naïve patients, in the ambulatory as well
as in the hospital setting. Concordantly, ACEi or ARB should
only be considered in patients where ARNI administration is
not possible due to intolerance, issues of availability, or
contraindications.

Early use of S/V has been associated with significant life-
time benefits compared with conventional therapy (ACEi or
ARB).1,2 In order to further implement the combination of
ARNI, beta-blocker, MRA, and SGLT2i and to shorten the time
to initiation of optimal medical care, every single treating
physician should overcome inertia, because HF is an urgency
needing rapid intervention.1,2 In addition, an interprofes-
sional healthcare team approach should be implemented to
start and adjust therapy as needed as well as to streamline
transition of care. This will result in optimized patient out-
comes—that is, increased effectiveness and safety while min-
imizing potential adverse effects.
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