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Abstract

Introduction Sacubitril/valsartan (Sac/Val) represents a cornerstone of heart failure (HF) with reduced ejection fraction (HFrEF) manage-
ment. This systematic review provides a comprehensive overview of real-world evidence (RWE) regarding the implemen-
tation, clinical effectiveness, and safety of Sac/Val in patients with HFrEF.

Methods A systematic literature search of PubMed was conducted through March 2024 following PRISMA guidelines.

Results The review included 45 manuscripts from 30 different studies, primarily from Europe (44%) and the US (30%). RWE con-
firmed that Sac/Val was associated with a lower risk of cardiovascular mortality (10%-16%), HF hospitalization (10%-38%),
and all-cause mortality (10%-25%). Sac/Val was significantly associated with cardiac reverse remodeling and lower-grade mi-
tral regurgitation. Despite these benefits, implementation gaps persist, with only 15%-25% of patients achieving target doses
in clinical practice. The most common reported adverse event with Sac/Val was hypotension (up to 17.6%), though severe
hyperkalaemia and renal decline were similar when compared with traditional renin angiotensin system inhibitors.

Conclusion Real-world data mirror the efficacy and safety profiles seen in randomized controlled trials, establishing Sac/Val as a corner-

stone of HFrEF therapy. However, significant barriers remain, including delayed initiation and suboptimal dose titration.
Enhancing clinician and patient awareness is needed to bridge these implementation gaps and fully realize the drug’s potential
to reduce the global healthcare burden of HF.
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Lower morbidity and mortality in patients with heart failure with reduced ejection fraction

= Sacubitril/\Valsartan is a cornerstone treatment for HFrEF, with RWE reinforcing evidence from RCTs

+ Inadequate implementation has limited its access, broader adoption, and full clinical benefit

» Promoting early adoption and consistent implementation of Sacubitril/\Valsartan remains crucial

Ten years of real-world evidence on sacubitril/valsartan in heart failure with reduced ejection fraction. 6MWT, six-minute walking test; ACEi,
ACE inhibitor; ARB, angiotensin receptor blocker; CPET, cardiopulmonary exercise testing; EF, ejection fraction; EROA, effective regurgitant
orifice area; HFrEF, heart failure with reduced ejection fraction; HHF, heart failure hospitalization; LAVi, left atrial volume indexed; LVEDVi,
left ventricular end diastolic volume indexed; MR, mitral regurgitation; KCCQ, Kansas City Cardiomyopathy Questionnaire; RCT, randomized

controlled trial; RWE, real-world evidence.
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Heart failure (HF) is a leading cause of morbidity and mortality world-
wide, with an estimated prevalence of 1% to 3% Overall, 56.2 million
people live with HF globally, and ~50% of them have HF with reduced
ejection fraction (HFrEF, EF <40%).%>

Sacubitril/valsartan (Sac/Val), a combination of sacubitril, a neprilysin
inhibitor, and valsartan, an angiotensin receptor blocker (ARB), has de-
monstrated a reduction in cardiovascular (CV) mortality (CVM) or
HF hospitalization (HHF), all-cause mortality (ACM) and improved
the quality of life (QolL) and decreased symptoms of HF when
compared with enalapril in the HFrEF population enrolled in the
PARADIGM-HF randomized clinical trial (RCT).** Based on these re-
sults, regulatory agencies have approved Sac/Val for the treatment of
patients with HFrEF.°™ The following RCTs, PIONEER-HF and

TRANSITION, reassured about the safety and efficacy of Sac/Val in
the in-hospital or early after-discharge settings.'®"!

Real-world patients with HFrEF frequently differ from those enrolled
in RCTs,"? wherein patients more likely tolerating and benefiting from
the investigated treatment are selected. Moreover, patients’ persist-
ence, adherence, and follow-up frequency differ between clinical prac-
tice and the RCT setting. Real-world evidence thus complements
evidence from RCTs in a more generalizable setting, providing key in-
sights into the implementation and long-term safety and effectiveness
of approved treatments.

This systematic review aimed at providing a comprehensive overview
on the real-world experience with Sac/Val on the 10th anniversary of
the PARADIGM-HF RCT, by discussing observational real-world find-
ings in the setting of the foundational evidence derived by pivotal ran-
domized controlled trials.
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A systematic literature search was performed on PubMed until March 2024
(Supplementary Appendix)."*"* The quality and risk of bias of the included
observational studies were independently evaluated by using the
Newcastle-Ottawa Scale for cohort studies (Supplementary Figure S1).
Due to the high degree of clinical and methodological heterogeneity among
the included studies, particularly regarding study design, comparator, and
outcome definition, a quantitative meta-analysis was not feasible, and the
systematically retrieved studies were therefore only summarized
descriptively.

Study characteristics

Supplementary Table S1 presents the main characteristics of the in-
cluded studies. Of the 2220 manuscripts identified through initial
search, 541 were retrieved for more detailed evaluation after removing
the duplicates. Thereafter, 45 manuscripts from 30 different studies
were included (Figure 7). Most of them were conducted in European
countries (44%, n=13) and the United States (30%, n=9), with
Taiwan (13%, n =4), global (10%, n = 3), and Saudi Arabia (3%, n=1)
studies being less represented (Supplementary Table S1). The back-
ground medications used in the various included studies are presented
in Supplementary Table S2. The quality of the included studies is pre-
sented in Supplementary Figure S1.

Efficacy and effectiveness of Sac/Val in
HFrEF

Reverse remodelling and grading of mitral
regurgitation

In patients with HFrEF, persistent activation of the renin-angiotensin
and sympathetic nervous systems leads to adverse cardiac remodelling,
a complex set of maladaptive cellular, metabolic, and extracellular ma-
trix responses resulting in structural and functional changes of the
heart,”® and consequently increased morbidity and mortality.'®
Secondary mitral regurgitation (MR) frequently occurs in patients
with HFrEF due to cardiac remodelling."” Therefore, reverse remodel-
ling, i.e. the normalization or attenuation of these maladaptive re-
sponses, and a reduction in MR, has emerged as an important
therapeutic target and outcome in HFrEF (Figure 2).

Evidence from both randomized and observational studies suggests a
major role for Sac/Val in favouring reverse remodelling. In the
EVALUATE-HF RCT, Sac/Val significantly reduced left ventricular and
atrial volumes and improved diastolic function when compared with en-
alapril over a 12-week foIIow—up.18 Similarly, in the PRIME RCT, Sac/Val
reduced effective regurgitant orifice area, regurgitant volume, and left
ventricular end-diastolic volume and decreased MR when compared
with valsartan in patients with HFrEF over a 12-month follow-up per-
iod."” Observational studies have confirmed these results. In the
PROVE-HF study, 12-month Sac/Val use was associated with higher
median EF, lower N-terminal pro-B-type natriuretic peptide
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(NT-proBNP) levels, smaller left ventricular and atrial volumes, and im-
proved diastolic function when compared with baseline,* with patients
achieving lower NT-proBNP levels and smaller left ventricular end-
systolic volume indexed at 6 months also experiencing lower rates of
12-month HHF and ACM.?' Treatment with Sac/Val was also asso-
ciated with a lower prevalence of moderate/severe MR at 1 year,
with a relative reduction of 44.7%.%* Furthermore, patients achieving
mild or no MR experienced a higher improvement in EF, lower left ven-
tricular volumes, and NT-proBNP levels at 1 year.>? Consistent associ-
ation between Sac/Val use, lower NT-proBNP levels and MR severity,
and higher EF was also reported in other observational studies
(Table 1).2*73" However, these findings should be interpreted critically,
as many of these real-world studies on remodelling, such as PROVE-HF
and REAL.IT lacked an active control arm and relied on within-patient
changes from baseline. Consequently, the observed reverse remodel-
ling may be partially confounded by natural fluctuations in the course
of the disease, concurrent optimization of background guideline-
directed medical therapy, and the inherent selection bias of patients
who survived and adhered to therapy long enough to receive follow-up
echocardiograms.

Implantable cardioverter defibrillators

Implantable cardioverter defibrillators (ICDs) are recommended for
the primary and secondary prevention of life-threatening arrhythmias
and sudden cardiac death in patients in the lower spectrum of EF (EF
<35%) after at least 3 months of optimal medical therapy.®**3
Considering its role in reverse remodelling, Sac/Val may reduce the
need for ICD implantation. When only patients eligible for an ICD
were considered in the PROVE-HF study, of the 661 patients initially
eligible at baseline, 32% and 62% were no longer eligible (EF >35%)
at 6 months and 12 months, respectively.>* In the DISCOVER-ARNIi
study, 60% of the 126 patients enrolled were no longer eligible for

ICD implantation after 6 months of treatment with Sac/Val.>> Similar
results were reported in smaller studies from Italy and Portugal, show-
ing that 40% and 56% of patients were no longer eligible for ICD after a
median follow-up of 11 months, respectively.>*3’

Quality of life
QoL is as important as survival to most patients living with chronic ill-
nesses such as HFrEF.3® QoL reflects the multidimensional impact of a
disease and its treatment on a patient’s daily life, with poor QoL also
associated with high hospitalization and mortality rates.>>*°

Sac/Val use improved the QoL in both RCTs and observational
studies (Table 2). In the PARADIGM-HF RCT, Sac/Val improved
patient-reported QoL,®> with higher Kansas City Cardiomyopathy
Questionnaire-overall scores (KCCQ-OS) than enalapril, and the
greatest improvements were observed in household chores and sexual
relationships.*' In observational studies, the CHAMP-HF registry
showed a significant association between Sac/Val initiation and higher
KCCQ-OS at 2 months when compared with no Sac/Val initiation,
with more patients on Sac/Val reporting large (>10-point) and very
large (>20-point) gains in KCCQ-OS (32.7% vs 26.9% and 20.5% vs
12.1%, respectively).*? These results were consistent regardless of eth-
nicity and at a later follow-up, i.e. 18 months after treatment initi-
ation. ¥4 Interestingly, the most significant benefit was seen in the
QoL symptom frequency and social limitation domains, as in
the PARADIGM-HF trial.*"*? Consistent results were observed in
the PROVE-HF study, wherein Sac/Val initiation was associated with
a higher KCCQ-OS score: 56.2% of patients achieved a large
(>10-point) and 33.4% a very large (>20-point) gain in KCCQ-OS at
12 months compared with baseline.”> While these real-world data mir-
ror the benefits in terms of symptom burden mitigation seen in trials, it
is important to acknowledge that assessing patient-reported outcomes
in open-label, observational settings might introduce potential placebo
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effects and recall bias. Furthermore, patients who experience significant
adverse events or fail to improve may be more likely to drop out of vol-
untary registries, potentially leading to overestimate the overall
quality-of-life benefits in the broader population.

Functional capacity
Exercise intolerance is a hallmark feature of HFrEF.*® Functional cap-
acity, i.e. the ability to perform exercise, is usually assessed by using
the 6-minute walk test (6MWT) or cardiopulmonary exercise testing
(CPET) and is significantly impaired in patients with HFrEF.>3

In the OUTSTEP-HF RCT, Sac/Val showed no significant benefit in
functional capacity, as measured by the 6MWT, compared with enala-
pril at 12 weeks.* Consistent results have been observed in observa-
tional studies. In a small prospective study enrolling 58 patients with
HFrEF, Sac/Val initiation was associated with a 13.9% longer distance
at the 6MWT at 30 days vs baseline.*” When CPET was used to assess
functional capacity, Sac/Val initiation was associated with a dose-
dependent improvement in functional capacity in terms of an increase
in O, intake at peak exercise and a reduction in the minute ventilation/
carbon dioxide production slope when compared with baseline va-
lues,31*84% despite no difference observed vs the comparator
(Table 3).3" These real-world data should be interpreted while also tak-
ing into account potential limitations. The studies are largely limited by
small sample sizes and limited adjustment for confounding.
Furthermore, because both 6MWT and CPET are highly effort-
dependent, the open-label design might introduce a performance
bias; patient and investigator expectations may positively bias exercise
results, making it difficult to definitively isolate the pharmacological ef-
fects of Sac/Val from placebo effects or general care optimization.

Sac/Val and mortality/morbidity in patients with
HFrEF

In the PARADIGM-HF trial, Sac/Val showed a 20% reduction in the
composite primary endpoint of CVM or HHF vs enalapril. Sac/Val
also reduced CVM (20%), HHF (21%), and ACM (16%).* Since the ap-
proval of Sac/Val for the treatment of HFrEF, several observational
studies, as well as systematic reviews and meta-analyses of real-world
data have confirmed its effectiveness, with the use of Sac/Val being as-
sociated with a lower risk of CVM (10%-16%), HHF (10%—-38%), and
ACM (10%-25%).>°72 Although these findings do not rely on clinically
adjudicated endpoints but rather on outcomes defined according to
ICD-10 codes which could result in misclassification, and might also
be affected by unmeasured confounding and bias that prevent causal in-
ference in observational studies, the results concerning the effective-
ness of Sac/Val align with the efficacy previously demonstrated in RCTs.

Implementation of Sac/Val in clinical
practice: current challenges and gaps in

clinical practice

Despite the efficacy of medical therapies, HFrEF prognosis remains
poor, largely due to challenges in treatment use and implementation
in routine clinical practice.

Limited use and target dose achievement

The adoption of Sac/Val by physicians has increased over time. A retro-
spective cohort study from the Veterans Affairs registry performed
within the first 2 years of the US Food and Drug Administration ap-
proval showed that only a minority of patients (4.2%) switched from
an angiotensin-converting enzyme (ACE) inhibitor (ACEi)/ARB to
Sac/Val>? In later analyses from US prescription databases, the pre-
scription of Sac/Val was shown to have been increased fivefold by
2019 (Table 4).>*

Slow implementation was also initially observed in Europe. A recent
study from the Swedish HF registry showed that Sac/Val use increased
from 8.3% in 2017 to 26.7% in 2021.>° When eligibility for Sac/Val was
considered using the same data source, 67% of patients with HFrEF
would have qualified for Sac/Val according to the pragmatic scenario,
which adopts the criteria used in daily clinical practice.>” Eligible patients
tended to be older, more likely female, with more severe HF and a high-
er burden of comorbidities.”” Interestingly, event rates for ACM, CVM,
and HHF were higher for eligible vs non-eligible patients, further sug-
gesting the significant impact that Sac/Val implementation might have
in this eligible but untreated population.>’

In the PROVE-HF and PIONEER-HF studies, Sac/Val provided similar
reductions in NTproBNP regardless of the achieved dose.”*" In the
PARADIGM-HF RCT, the relative benefit with Sac/Val at lower doses
vs lower doses of enalapril was similar to that achieved with target
doses of Sac/Val vs enalapril. However, dose reduction was associated
with a higher incidence of the primary outcome.®* The achievement of
target doses of HF medications, including Sac/Val, has been associated
with lower morbidity and mortality in HFrEF,*® further highlighting
the need for uptitrating doses aiming at achieving the target dose
when patients can tolerate them. However, these observational asso-
ciations should be interpreted taking into consideration potential con-
founding and bias related to treatment tolerance, as patients who
achieve higher doses are likely to represent a healthier, more haemo-
dynamically stable subgroup.

In an analysis of 12 082 patients receiving Sac/Val from the German
pharmacy prescription database, two-thirds of the patients were pre-
scribed the lowest dose at index, with uptitration attempted in only
41% of these patients during the first 6 months of follow-up.
However, when uptitration was attempted, >80% of the patients re-
mained on the higher uptitrated dose, with the target dose ultimately
achieved in 21% of patients. Patients treated with Sac/Val also showed
high adherence and persistence to therapy, with 71% persistence and
81% proportion of days covered (PDC) at 12 months.>” Consistent re-
sults were reported in a Korean cohort, with 60% of patients starting
on the lowest dose, uptitration attempted in 41.5% of patients, and tar-
get dose achieved in 24.8% of patients by month 12,% and in the
CHAMP-HF, where the target dose was achieved in 15% of patients,
with the majority (52%) being treated with the lowest dose.®

Overall, these data indicate that despite increased use of Sac/Val,
many eligible patients remain untreated, and achieving optimal dose
remains a significant challenge. This underscores the need for targeted
efforts to improve prescription rates and dose titration to fully realize
the clinical benefits of Sac/Val in patients with an indication for
treatment.

De novo and in-hospital initiation of Sac/Val
In the PARADIGM-HF RCT, randomization to Sac/Val or enalapril
was performed after a run-in period with enalapril and then Sac/
Val.* This specific feature of the PARADIGM-HF design has led the
European HF guidelines to recommend (class |) Sac/Val as a replace-
ment to ACEi in patients who remain symptomatic despite optimal
medical therapy, or its de novo use in naive ACEi patients based on
the results of the PIONEER-HF and TRANSITION trials,'®"" albeit
with a lower class of recommendation (class Ilb).>* The ACC/AHA/
HFSA guidelines recommend Sac/Val with CoR |, level of evidence
A for all patients with HFrEF (class 1A), irrespective of previous
therapy.’*¢3

In the real world, de novo use of Sac/Val ranged from 23% in the
Swedish HF registry to 26.5% and 33.7% in analyses of the Veterans
Health Affairs database and tertiary care hospitals in Saudi Arabia, re-
spectively.** ¢ In the GWTG-HF registry, when patients hospitalized
for HF and eligible for Sac/Val were considered, 4.1% initiated Sac/Val
as inpatients and 2.8% at discharge.” Discharge without any
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Studies assessing quality of life following sacubitril/valsartan treatment initiation

Study (ref) Number of Age, Follow-up Measure of
patients female % (months) quality of
life
PARADIGM- 8399 64 years; Upto36  KCCQ-23
HF (RCT)>*"  (overall); 21%
Sac/Val:
3797
PROVE-HF® 794 64-66 12 KCCQ-23
years;
25-34%
CHAMP-HF*~ ~4000 64years; Upto18  KCCQ-12
A (overall); 30% months
Sac/Val:
~760

Overall Overall change vs Domain with greatest
change vs comparator change
baseline value

NA Overall KCCQ-0S: 1.19 Household chores (overall
(0.28); P < .001 change score difference, 1.69;
Overall KCCQ-CS: 0.99 P <.001) and intimate
(0.28); P <.001 relations (overall change score
difference, 2.36; P <.001)
48-196 mg daily NA NA
dose: 68.80 vs
63.12
200-371 mg
daily dose:
72.50 vs 61.42
372-400 mg
daily dose:

7311 vs 63.76
64.1 (23.5) in Sac/Val: (5.3 + 19 vs no-Sac/ Very large improvement (> 20) in

Sac/Val vs 63.3 Val: 2.5+ 174, QoL domain in 25.6% of
(23.9) in no- respectively; difference: patients*?
Sac/Val*? 3.2 (95% Cl: 1.5, 4.9)

P <.001)*

No significant interaction
between race and
ethnicity and ARNi

initiation**

CS, clinical summary; KCCQ, Kansas City Cardiomyopathy Questionnaire; OS, overall summary.

prescription for Sac/Val was an independent predictor of not receiv-
ing the treatment over 1-year follow-up.®” A combined analysis of
United States/United Kingdom/Sweden administrative databases
considering new users of HF medical therapy following an HHF
showed that of 29 546 Sac/Val users, 22% were de novo users.®®
Within 1 year after the treatment initiation, the target dose of Sac/
Val was achieved in 30% of patients on treatment, with a 27% of dis-
continuation rate. Only 5.7% and 6.6% of patients initiated on ACEi
and ARB started Sac/Val during the 1-year follow-up, respectively.®®
Sac/Val has been shown to be initiated at lower doses in the in-
hospital vs outpatient setting,®” with in-hospital and early initiation
quite limited (8%).>° Sac/Val was more likely initiated later than earl-
ier during the disease course and in patients with more severe HF,
which might suggest its use as a second-line treatment after clinical
deterioration. Discontinuation rates were consistent across initiation
settings.*®*? In the EVOLUTION-HF study, combining 266 589 pa-
tients with HFrEF from US, Japan, and Sweden, the mean time
from HHF to therapy initiation was longer for newer treatments,
i.e. dapagliflozin and Sac/Val, when compared with other HF therap-
ies [39 and 44 vs 12-13 days (Japan), 44 and 33 vs 22-31 days
(Sweden), and 33 and 19 vs 18-24 days (US)].”° Lastly, in a retro-
spective US cohort study using electronic health records and includ-
ing ACEi/ARB-naive patients (N = 6118) with HFrEF, de novo Sac/Val
initiation (N = 3059) was associated with a significantly lower risk of
HHF or emergency room visits than ACEi/ARB initiation [hazard ra-
tio (HR): 0.92; P = .01].”" Despite the low use of de novo Sac/Val, likely
due to the fear of adverse events (hypotension, angioedema) or the
lower class of recommendation in the guidelines, the risk of

angioedema was lower among >40000 Sac/Val new users (HR:
0.18) than among previous ACEi/ARB users in an analysis from the
Sentinel Distributed Database.”>”3

Overall, these data support the safety and effectiveness of de novo
and in-hospital initiation of Sac/Val, especially given the similar persist-
ence rates and the lower Sac/Val use at 1 year in patients transitioning
from ACEiI/ARB vs de novo Sac/Val users (Figure 3).

Perceived barriers to the implementation
of Sac/Val

Despite its proven efficacy and safety, Sac/Val remains underutilized in
clinical practice due to real or perceived patient- and physician-related
barriers (Figure 4).”%7>

Patient’s adherence

Patients treated with Sac/Val (n =22 275) showed high adherence and
persistence to therapy, with 71% of persistence and 81% of PDC at 12
months in an analysis of the German pharmacy prescription data-
base.’® A retrospective analysis of the Medicare claims database
showed that a good 6-month adherence, defined as PDC >80%,
was observed in 59.1% of patients (n=1161), with half of the sub-
group of patients with low adherence (PDC <80%) discontinuing
Sac/Val within 6 months of initiation.”® Black ethnicity was associated
with limited adherence, while treatment with other HF medications,
previous treatment with ACEi/ARB, and initiation with the target
dose were associated with high adherence.”® Adherence was also



Sacubitril/valsartan for HFrEF in the real world

Randomized controlled trial and observational studies assessing the association between sacubitril/

valsartan and functional capacity

Study (ref) Number of Age, female Follow-up
patients % (months)
OUTSTEP-HF 619 (overall), 67.2 (11.4) 3
(RCT)* 309 (Sac/Val) years, 23%
(vs enalapril) females
Beltran et al*’ 58 (Sac/Val) 70 (11) years, 1
72.4%
females
Mapelli et al*’ 97 (Sac/Val) 63.7 (9.8) years, 10.1(2.2)
20% females
IRRB/23/15°°%%%° 134 (Sac/Val) 57.9 (9.6) years, 12
13% females
Campanile 25 (overall), 12 66.1 (7.9) years, 16 [11.5,22]
etal.” (Sac/Val) 16.7%
(vs ACEi/ARB) females

Measure of Difference with baseline Difference with
functional value comparator
capacity

Six-minute walking
distance

Six-minute walking
distance

CPET

CPET

CPET

35.09 meters (97.5% Cl:
27.85, 42.32)

41.8 meters (33.4-50.2)

Peak VO, (mL/min/kg): from
15.6 (4.5) to 16.5 (4.9),
P <.001

Peak VO, (% pred): from 63
(16) to 68 (17), P <.001

O, pulse (mL/b): from 11.9
(4.1)to 12.1 (3.5), P < .001

Peak VO, (mL/min/kg): from
153 (3.7) to 17.8 (4.2),
P <.001

Peak VO, (% pred): from
56.4 (13.9) to 64.8 (17.8),
P <.001

O, pulse (mL/b): from 11.4
(3) to 13.7 (4.6), P <.001

Peak VO, (mL/min/kg): from
12.2 (4.6) to0 12.7 3.3)
Peak VO, (% pred): from
61.5 (25.7) to 67.0 (23.7)

8.98 meters (97.5%
Cl: —1.31,19.27)

NA

NA

NA

Follow-up Peak VO,
(mL/min/kg):

Sac/Val 12.7 (3.3)
ACEiI/ARB 13.0

(4.2)
P=.49

Follow-up Peak VO,
(% pred):
Sac/Val 67.0 (23.7)
ACEi/ARB 61.1
(23.9)
P=.53

Values are mean (standard deviation) or median [interquartile range] if not otherwise specified.
ACEi, ACE inhibitor; ARB, angiotensin receptor blocker; Cl, confidence interval; CPET, cardiopulmonary exercise testing; NA, not available; NT-proBNP, N-terminal pro B-type

natriuretic peptide; RCT, randomized controlled trial; Sac/Val, sacubitril/valsartan.

reported to be high in an analysis of patients (n = 8291) treated with
Sac/Val from US administrative claims databases, showing a medical
possession ratio of 94% over a median follow-up of 4.8 months,
and patients of Black ethnicity having lower adherence than patients
of White ethnicity.”” Interestingly, an analysis of 897 patients from
the GWTG-HF registry hospitalized for HF and discharged on Sac/
Val showed that higher adherence to Sac/Val was associated with low-
er 90-day and 1-year all-cause hospitalization and ACM than lower
adherence.”® More recently, a nationwide longitudinal cohort
study (PARADE-HF) investigated medication adherence with
Sac/Val (13 483 patients) vs ACEi/ARBs (13 483 patients) in patients
with HFrEF. The risk reduction on 1-year all-cause mortality/hospital-
ization for Sac/Val vs ACEi/ARBs was higher in patients with PDC
>80%, but not in those with PDC <80%."”

Overall, these data indicate that the treatment with Sac/Val is char-
acterized by high adherence, which is associated with improved clinical
outcomes. Disparities, such as lower adherence in Black patients, high-
light the need for targeted strategies to ensure equitable benefits of
therapy in all patients.

Safety: hyperkalaemia, hypotension, and declining
kidney function

Data from the PARADIGM-HF RCT highlighted a comparable safety
profile for Sac/Val vs enalapril.* Although patients on Sac/Val more likely
experienced symptomatic hypotension, discontinuation due to hypo-
tension was infrequent.” During the enalapril and Sac/Val run-in phases
of the trial, hypotension occurred in 1.3% (n = 136) and 2.4% (n = 228)
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Implementation of Sac/Val in clinical practice: use and target dose achievement

Study name

Mohanty et al*’

Ozaki et al**

Sumarsono

et al®®

Stolfo et al*®

Savarese et al®’

Mohebi et al*®

D’Amario
et al®®

Wachter et al®’

Park et al*®

Peri-Okonny
et al®

Country
(Dataframe)

US (Veterans Affair)

US (National
Prescription
Audit™ data)

US (Medicare Part D
and Medicaid)
Sweden (HF registry)

Sweden (HF registry)

US (PROVE-HF study)

Sweden (HF registry)

Germany (IMS®
longitudinal
prescriptions
database)

Korea (patient-level

medical records)

US (CHAMP-HF
registry)

Timeframe

2015-2017

2016-2019

2016-2017

2017-2021

Patients since
2000
12 months of

treatment

2000-2018

2016-2017

2017-2019

2015-2017

Prescription

Switching from ACEi/
ARB to Sac/Val
Sac/Val use and dosage

patterns

Sac/Val prescriptions

Sac/Val initiation

Eligibility for Sac/Val

Dose-response to Sac/

Val

Association between
number and dosing of
GDMT

Sac/Val treatment
patterns
Sac/Val treatment

patterns

Use of target doses of
foundational GDMT

Result(s)

Only 4.2% of eligible patients switched

5.6-fold increase in Sac/Val prescriptions
14% of eligible patients switched
24/26 mg: 48.7%
97/103 mg: 20.6%

Utilization trends increased by 156-251%

8.3% (2017)
26.7% (2021)

57% had EF <40%; Sac/Val eligibility 67% (pragmatic criteria)
and 38% (literal trial criteria)

Similar reduction in stress biomarkers, similar improvement in
health status, and comparable
reversal in cardiac remodeling process across all 3
dose categories

46% had >100% of target dose achievement for ACEi/ARB/
ARNi
22% had >100% of target dose achievement for ACEi/ARB/
ARNi + beta-blocker

Two-thirds of patients were prescribed the lowest Sac/Val
dose at index. > 80% of the patients remained on the higher

uptitrated dose following uptitration

Stable uptitration’ (41.5%)
At 12 months:
24.8% of target doses

<20% of patients were receiving target doses

of the 10 513 patients, leading to discontinuation in 68% and 51% of
these cases, respectively.80 Although hypotension during run-in was
relatively uncommon, patients on subtarget doses for ACEi/ARBs had
a higher risk (4% vs 3%).2° This, together with patients experiencing
hypotension having lower systolic blood pressure at screening®® may
suggest that careful uptitration of renin-angiotensin system inhibitors
before initiating Sac/Val may help mitigate the risk of hypotension in vul-
nerable patients. Additionally, in the PARADIGM-HF, patients on Sac/
Val who also experienced a significantly slower decrease in estimated
glomerular filtration rate (eGFR) over time were less likely to experi-
ence severe hyperkalaemia (potassium levels >6.0 mEq/L),%"®* but
were more likely to be on mineralocorticoid receptor antagonist
(MRA) therapy when compared with patients randomized to enala-
priI.83 In the PIONEER-HF, the occurrence of worsening renal function,
hyperkalaemia, symptomatic hypotension, and angioedema was com-
parable between the enalapril and Sac/Val arms,'® with low discontinu-
ation rates due to adverse events (AEs) for Sac/Val also shown in the
TRANSITION RCT."

Similar to the aforementioned RCTs, observational studies also iden-
tified hypotension, hyperkalaemia, and worsening kidney function as the
most frequent AEs with Sac/Val treatment.’*?”?%”” A propensity
score-matched analysis of US administrative claims databases found a
35% significantly higher risk of hypotension with Sac/Val when

compared with enalapril (3.4 vs 2.5 events per 100 person-years),
but no significant difference in the risk of hyperkalaemia (0.89 vs 0.84
events per 100 person-years).”” The REALIT study reported no signifi-
cant change in potassium levels after 12 months of Sac/Val treatment
when compared with baseline, although a very modest decline in
mean eGFR (68 vs 65 mL/min/m?) was observed.”® The ARNi-TR study
also showed a small reduction in median eGFR at 12 months after Sac/
Val initiation, alongside a slight increase in median potassium levels (4.2
vs 4.4 mmol/L).*” Importantly, both the REALIT and ARNi-TR studies
did not have a control arm, and therefore changes in renal function
might reflect the usual decline in renal function over time observed in
patients with HF, rather than any phenomenon related to the drug.
Lastly, in the PROVE-HF study in 794 patients, hypotension (17.6%), hy-
perkalaemia (13.2%), and worsening kidney function (12.3%) were the
most frequently reported AEs after 12 months of Sac/Val use.”® When
examined by setting, rates of AEs were similar for both inpatients and
outpatients initiating Sac/Val [hypotension: 16.0 (n=16) vs 16.7% (n=
71); worsening renal function: 7.0 (n =7) vs 6.8% (n = 29); hyperkalae-
mia: 1.0 (n=1) vs 4.9% (n=21), none P < .05].*

A disproportionality analysis of 103038 AEs from the VigiBase,
FAERS, and EudraVigilance pharmacovigilance databases showed that
Sac/Val had the greatest association with hypotension (odds ratio:
114) when compared with other HF treatments®® In contrast,
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1

De novo initiation of, and switching to, Sac/Val in eligible HFrEF patients

601

504

40-

Percentage of eligible patients

33.7
S 26.5
23
20
10+
2
0.2
G_

22
77
i.. |‘

SwedeHF Veterans Affairs Saudi Arabia

H De novo B Switch (1 year)

GWTG US/UK/Sweden

Switch (6 months)

De Novo and in-hospital initiation of Sac/Val

CV mortality

RCT RWE
20% 10%-38%

Reverse remodeling

Sacubitril
Valsartan

HF hospitalization

RCT RWE
21% 10%-16%

All-cause mortality

RCT RWE
15% 10%-25%

Underutilization

Mitral regurgitation

Quality of life

Functional capacity

[ Barriers ]

Fear of
worsening
kidney
function

Fear of
hypotension

Fear of
hyperkalemia

Therapeutic inertia

Fear of
actual Low

tolerability adherence
issues

Factors limiting the implementation of sacubitril/valsartan. RCT, randomized controlled trial; RWE, real-world evidence

hyperkalaemia, renal dysfunction, and angioedema were more likely as-
sociated with spironolactone, enalapril, and lisinopril, respectively.®*
In the LIFE trial, an RCT testing Sac/Val vs valsartan after a first run-
in phase in patients with advanced HFrEF, similar rates of discontinua-
tions were observed during the trial in patients randomized to Sac/Val
[29% (n=49)] or valsartan [21% (n = 36), P =.1], with no significant
difference in incidence of hypotension or worsening kidney function
between the treatment arms.®* Significantly more patients developed
hyperkalaemia with Sac/Val (17% vs 9%, P=.04)% An analysis

assessing clinical parameters associated with run-in failure in the
LIFE trial showed that of all the patients entering the run-in phase
(445 subjects), only a minority was intolerant to Sac/Val [18% (n =
73)].2¢ Lower mean arterial pressure, serum chloride, the presence
of an ICD and/or cardiac resynchronization therapy, moderate or
greater MR, nonuse of ACEi/ARB at screening, and use of insulin
were all independently associated with a higher likelihood of run-in
failure® When a similar analysis was performed in the
PARADIGM-HF RCT, lower systolic blood pressure, eGFR, higher
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NT-proBNP levels, and an ischaemic cause of HF were associated
with a higher risk of run-in noncompletion (19.8% of all patients en-
tering the run-in phase).®’”

Overall, these data suggest that hypotension is more likely observed
in patients on Sac/Val, particularly in more vulnerable subgroups. The
risk of severe hyperkalaemia and worsening renal function appears low-
er than with ACEi/ARBs, which is important as these are the main per-
ceived barriers to Sac/Val implementation.®®

Cost-effectiveness

Evaluating the cost-effectiveness of medical therapies is necessary for
value-based decision-making. An early analysis of a retrospective
Medicare claims database showed that the adoption of Sac/Val was
slow due to high cost concerns.”®

Decision-analytic Markov model showed that Sac/Val use was asso-
ciated with a relative increase of 0.04 quality-adjusted life-years
(QALY) and 0.67 years of life lived per person compared with the stand-
ard of care, with cost-effectiveness maintained in >96.5% of simulated
cases on the outcomes of ICD implantation and ACM.# When combin-
ation therapy was considered, HF quadruple therapy with Sac/Val (Sac/
Val, beta-blocker, MRA, and sodium glucose cotransporter 2 inhibitors)
resulted in an increase of 1.73 life-years vs triple HF therapy (ACEi, beta-
blocker, and MRA) and double therapy (ACEi, beta-blocker), corre-
sponding to an increase of 1.12 years and 1.85 years in QALYSs, resulting
in a cost-effectiveness of 91.7% and 99.9%, respectively, in analyses con-
sidering the PARADIGM-HF RCT and the Spanish National Health
Service, respectively.”®% These findings suggest the cost-effectiveness
of Sac/Val, owing to the lower rates of hospitalizations and mortality.
The combination of Sac/Val, beta-blocker, and MRA was estimated to
provide an additional 8.3 years free from CVM or hospitalizations
when compared with 6.3 years when considering conventional ACEi/
ARB and beta-blocker therapy.”>™*

Limitations

Although a total of 45 articles were included, the number of studies ad-
dressing specific endpoints was lower, limiting the applicability of our re-
sults. This systematic review focused exclusively on the real-world
experience with Sac/Val in patients with HFrEF, with Sac/Val being ap-
proved for adult patients other than HFrEF only in the US and Japan.
Other limitations include the limited availability of data on trends in
Sac/Val utilization over time, and on the effects of Sac/Val in patients
with pulmonary hypertension or right ventricular failure. Furthermore,
there is a consistent underrepresentation of women across both the piv-
otal clinical trials and the real-world cohorts included in this systematic
review. This sex imbalance highlights a significant gap in the literature,
and may limit the generalizability of these findings to women with
HFrEF. Additionally, the inherent bias in some of the included studies
may limit the generalizability of the findings.

Sac/Val is a cornerstone treatment for HFrEF, with real-world evidence
over the past decade reinforcing the benefits observed in RCTs
(Graphical abstract). However, inadequate implementation has limited
its access, broader adoption, and full clinical benefit. Addressing these
gaps by increasing clinicians’ and patients’ awareness is crucial for pro-
moting earlier adoption and consistent implementation of Sac/Val in
routine care, thereby ensuring that eligible patients fully benefit from
the best possible standard of care.

Supplementary data are available at ESC Heart Failure online.
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