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SGLT2 Inhibitors and Sacubitril-Valsartan: How Trial Results will
Revolutionize the Treatment of Heart Failure with Mildly Reduced

Ejection Fraction

Miguel Morita Fernandes-Silva'?
Universidade Federal do Parand," Curitiba, PR — Brazil
Quanta Diagnéstico por Imagem,? Curitiba, PR — Brazil

Left ventricular ejection fraction (EF) is a key parameter in
the management of heart failure (HF) and a crucial biomarker
for prognostic evaluation and therapeutic decision." Patients
with HF are classified into different categories according to
EF. Although the concept of “normal” EF was introduced four
decades ago, the cutoff values for normal and abnormal EF
have considerably varied over time. In 2016, the European
Society of Cardiology HF guidelines defined HF with reduced
EF (HFrEF) as patients with EF below 40%, while HF with
preserved EF (HFpEF) was the category for patients with EF
equal to 50% or above.? To fill in the gap between the two
categories, the term HF with mid-range EF was introduced.
More recently, the guidelines considered more appropriate
to rename this category to HF with mildly reduced EF
(HFmrEF).>* Why has the EF-based classification changed in
recent years and how may this affect HF treatment?

In the 1980s, the first HF trials used in their design
EF cutoffs to select patients with worse prognosis as an
enrichment strategy, ie, they included patients based on a
biomarker that improves design efficiency. Because patients
with lower EF have worse prognosis and, therefore, higher
rates of events, a relatively smaller sample size would be
required to detect an effect. These trials used cutoff values
for EF that ranged from < 45% to < 25% (Table) and were
highly successful in finding effective therapies. In general,
trials using a cutoff EF of < 40% consistently found drugs and
devices for the treatment of HF that improved outcomes.

HF trials started including patients with EF above 40% in
the early 2000s, covering the full EF range. Eligibility criteria
for these trials varied from EF = 40% to = 50% (Table).
Although the term “preserved EF” was used for these cutoff
points, they differed from the cutoff values for normal EF
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established in the recommendations from echocardiographic
reporting guidelines, which were based on the mean and 2
standard deviations for a healthy population: 52 to 72% for
men and 54 to 74% for women.>®

Current guidelines recommend treating all symptomatic
patients with HFrEF with an angiotensin-converting enzyme
inhibitor (ACEi)/angiotensin receptor-neprylisin inhibitor
(ARNi), a beta-blocker, a mineralocorticoid receptor
antagonist (MRA), and a sodium-glucose cotransporter 2
inhibitor (SGLT2i) based on well-established evidence of
their effect on reducing mortality. The success of these drugs
in HFrEF was attempted to be reproduced in patients with
HFpEF. ACEi, angiotensin receptor blocker (ARB), MRA,
and ARNi have all been tested in HFpEF but have failed to
show overall superiority for the primary endpoint (Table).
This discrepancy suggests that HF is rather a heterogeneous
disease with different mechanisms of progression depending
on the phenotype.

Because no interventional trial was specifically dedicated
to patients with HFmrEF, treatment of HFmrEF has been
based on subanalysis of HFpEF trials, whose EF cutoff
points included patients in this category. An analysis of the
Candesartan in Heart Failure-Assessment of Reduction in
Mortality and Morbidity (CHARM) program, combining the
CHARM-added, CHARM- alternative and CHARM-preserved
trials, showed that the benefit of candesartan on reducing the
primary endpoint was observed in the EF range between 40
and 50%, but not above 50%.” A similar pattern was observed
with spironolactone in the Treatment of Preserved Cardiac
Function Heart Failure with an Aldosterone Antagonist
(TOPCAT) trial,® with beta-blockers in patients in sinus
rhythm in a meta-analysis,” and with sacubitril-valsartan.'
In a subgroup analysis of the Prospective Comparison of
ARNI with ARB Global Outcomes in HF with Preserved
Ejection Fraction (PARAGON-HF) trial, sacubitril-valsartan
reduced the primary endpoint in the EF equal or below
median (< 57%) but not above this cutoff point.” In a
combined analysis of the PARADIGM-HF and PARAGON-
HF trials across the continuum of EF the treatment effect
favoring sacubitril/valsartan appeared to extend to higher EF
values (Figure)."® In the past two years, regulatory agencies,
including the United States Food and Drug Administration
and the Brazilian National Health Surveillance Agency, have
expanded the indication of sacubitril-valsartan for patients
with HF, stating that the benefit is more clearly evident when
EF is below normal.

Collectively, these data suggest that not only sacubitril-
valsartan but also renin—angiotensin—aldosterone system and
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Table 1 - Ejection fraction inclusion criteria for key phase Il drug trials in heart failure

HFrEF HFpEF
Treatment
Trial EF cutoff (%) Trial EF cutoff (%)
ACEi SOLVD™ <35 PEP-CHF# > 40
. CHARM-Preserved? > 40
_ 21
ARB CHARM-Alternative <40 I-PRESERVED? > 45
MERIT-HF?4 <40
CIBIS-II# <35 28
Beta-blocker US. Carvedilol® <35 J-DHF > 40
COPERNICUS# <25
TOPCAT®! > 45
MRA RALES? <35 SPIRRIT-HFpEF® > 40
EMPHASIS-HF® <35 SPIRIT-HF >40
FINEARTS-HF* > 40
ARNi PARADIGM-HF3 <40 PARAGON-HF" > 45
SGLT2i DAPA-HF" <40 DELIVER® >40
EMPEROR-Reduced?® <40 EMPEROR-Preserved* >40

ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker; MRA: mineralocorticoid receptor antagonist; ARNi: angiotensin
receptor-neprylisin inhibitor; CHARM: Candesartan in Heart Failure-Assessment of Reduction in Mortality and Morbidity; CIBIS-II: The Cardiac
Insufficiency Bisoprolol Study Il; COPERNICUS: Carvedilol Prospective Randomized Cumulative Survival Trial; DAPA-HF: Dapagliflozin and Prevention
of Adverse Outcomes in Heart Failure; DELIVER: Dapagliflozin Evaluation to Improve the Lives of Patients with Preserved Ejection Fraction Heart
Failure; EMPEROR-Preserved: Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with Reduced Ejection Fraction; EMPEROR-Reduced:
Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with Reduced Ejection Fraction; EMPHASIS-HF: Eplerenone in Mild Patients
Hospitalization and Survival Study in Heart Failure; FINEARTS-HF: Finerenone Trial to Investigate Efficacy and Safety Superior to Placebo in Patients
With Heart Failure; I-PRESERVED: Irbesartan in Heart Failure with Preserved Ejection Fraction Study; MERIT-HF: Metoprolol CR/XL Randomized
Intervention Trial in Congestive Heart Failure; PARADIGM-HF: Prospective Comparison of ARNI with ACEI to Determine Impact on Global Mortality and
Morbidity in Heart Failure Trial; PARAGON-HF: Prospective Comparison of ARNI with ARB Global Outcomes in HF with Preserved Ejection Fraction;
PEP-CHF: Perindopril for Elderly People With Chronic Heart Failure Study; RALES: Randomized Aldactone Evaluation Study; SLGTZ2: sodium-glucose
cotransporter 2 inhibitor; SOLVD: Studies of Left Ventricular Dysfunction; SPIRIT-HF: Spironolactone In The Treatment of Heart Failure; SPIRRIT-HFpEF:
Spironolactone Initiation Registry Randomized Interventional Trial in Heart Failure With Preserved Ejection Fraction; TOPCAT: Treatment of Preserved

Cardiac Function Heart Failure with an Aldosterone Antagonist.

sympathetic nervous system inhibitors have beneficial effects
for HF in the “intermediate” EF range of 41 to 49%. These
analyses provide insights that go beyond the treatment effect
by indicating a role of these systems on disease progression
in this category and helping understand part of the EF-
related heterogeneity in HF. For instance, the contribution
of noncardiac comorbidities on mortality is proportionally
higher with increasing values of EF, particularly in the normal
range.">" This may explain why an intervention targeting the
cardiovascular system is less likely to change the course of
the disease in patients with normal EF. Patients with HFmrEF
have intermediate features between HFrEF and HFpEF,
but analyses from registries and clinical trials have shown
that they display clinical characteristics that share more
similarities with HFrEF than with HFpEFE'* Accordingly, the
recently published universal definition and classification of
HF properly renamed the old “mid-range EF” category to
“mildly reduced EF.""®

Finally, the novel sodium-glucose cotransporter 2 (SGLT2)
inhibitors have proven to be successful in HFrEF and paved
the way for a new treatment target in HE. The question of
whether this new drug class would also benefit patients
with HFmrEF and HFpEF remained until the publication
of the highly expected Empagliflozin Outcome Trial in
Patients with Chronic Heart Failure with Preserved Ejection
Fraction (EMPEROR-preserved) trial in August 2021."® The
EMPEROR-preserved trial included patients with HF and

ABC Heart Fail Cardiomyop. 2022; 2(1):67-71

EF above 40% and showed that empagliflozin significantly
reduced the primary outcome of cardiovascular death or
HF hospitalization. Although this was mostly driven by a
reduction in HF hospitalization, it was the first time that a
HFpEF trial showed positive results for the primary outcome.
A further analysis with data from the Empagliflozin Outcome
Trial in Patients with Chronic Heart Failure with Reduced
Ejection Fraction (EMPEROR-reduced) and EMPEROR-
preserved trials was performed to evaluate whether the
treatment effect differs across the EF categories. Similarly,
the treatment effect of empagliflozin appeared to attenuate
with higher EF values, but it remained consistent in patients
with EF below 65%."” The results of the Dapagliflozin
Evaluation to Improve the Lives of Patients with Preserved
Ejection Fraction Heart Failure (DELIVER) trial, which tested
the SGLT2 inhibitor dapagliflozin and is expected to be
presented soon, will help understand whether there is a class
effect. A trial of a slightly different class, the SGLT2-SGLT1
inhibitor sotagliflozin, included patients with diabetes and
worsening HF and showed a significant reduction in the
primary endpoint of cardiovascular death, hospitalization,
and urgent visits for HF across all spectrum of EF."®

Despite its essential role in the management of HF,
EF is an imperfect measure that is influenced by several
biological phenomena. Its wide availability in clinical
practice is counterbalanced by limitations to accurate
measurement of EF. The intra- and interobserver variability of
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Figure 1 - Treatment effect estimates of disease-modifying medications in heart failure across the spectrum of ejection fraction. Bar colors represent
the reported estimated hazard ratios (HR) for each intervention according to ejection fraction. HR were extracted from respective published subanalysis

from clinical trials:

Candesartan: Lund et al.”

Spironolactone: Pitt et al.?° and Solomon et al.®
Beta-blockers: Cleland et al.°
Sacubitril-valsartan: Solomon et al.”
Empagliflozin: Butler et al.””

EF measurements using echocardiogram has been reported
as 8-21% and 6-13%, respectively, which limits the correct
classification in categories with relatively narrow ranges of
EF.'* Some studies have evaluated the longitudinal changes
of EF, showing considerable variation over time. In a Swedish
registry, nearly 1/3 of patients switched to a lower EF category
and 1/4 switched to a higher EF category over a median
follow up duration of 1.4 years.™ Because of the limitations
of EF measurement, alternative methods have been suggested
to better address the heterogeneity of HF, such as myocardial
tissue characterization with magnetic resonance imaging,
global longitudinal strain from speckle-tracking analysis
with echocardiogram, multiple biomarker approaches, and
proteomic characterization, but their use to guide the clinical
management is still limited."™

Well-conducted trials are not only about finding effective
therapies. They help understand the pathophysiology of
a disease. HF classification has evolved together with the
understanding of the disease. Despite the necessary strict
and pragmatic criteria adopted in clinical trials, treatment
effect of HF drugs has been consistently modified by EF as
a continuous measure. Analysis from the latest HF trials of
sacubitril-valsartan and SGLT2 inhibitor point to the same
direction as those of renin—angiotensin—aldosterone system
and sympathetic nervous system inhibitors, grouping together

the categories of HF with EF below normal. | look forward to
seeing what we will learn from the upcoming trials in HFpEF.
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