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In randomised, placebo- or active-
controlled trials in patients with heart
failure with reduced ejection fraction
(HFrEF), each of the combination of a
neprilysin inhibitor and an angiotensin-
receptor blocker (i.e. sacubitril/valsartan),
a beta blocker, a mineralocorticoid-
receptor antagonist and a sodium-glucose
co-transporter 2 (SGLT2) inhibitor have
been shown to reduce morbidity and
mortality, firmly establishing the role

of these five agents, prescribed as four
pills, as foundational therapy for HFrEF.
Traditionally, the guideline-advocated
strategy for the initiation of these therapies
was based on the historical order in

which the landmark clinical trials were
performed, and the requirement to up-
titrate each individual drug to the target
dose (or maximally tolerated dose below
this) prior to initiation of another therapy.
This process could take six months or
more to complete, during which time
patients would not be taking one or

more of these life-saving drugs. Recently
an alternative, evidence-based, rapid
three-step sequencing strategy has been
proposed with the aim of establishing
HFrEF patients on low-doses of all four
foundational treatments within four weeks.
This strategy is based on the premise that
the benefits of each of these therapies are
independent and additive to the others, the
benefits are apparent at low doses early
following initiation, and a specific ordering
of therapies may increase likelihood of
tolerance of others. This article will outline
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this novel rapid-sequencing strategy and
provide an evidence-based framework to
support its adoption into clinical practice.

Introduction

To date, five pharmacological approaches have
been demonstrated to significantly reduce the

risk of mortality and prevent hospitalisation for
worsening heart failure (HF) in patients with

HF with reduced ejection fraction (HFrEF): the
combination of a neprilysin inhibitor and an
angiotensin-receptor blocker (i.e. sacubitril/
valsartan), a beta blocker, a mineralocorticoid-
receptor antagonist (MRA) and a sodium-glucose
co-transporter 2 (SGLT2) inhibitor. Hereafter,
these five agents, which can be prescribed as four
pills, will be referred to as the ‘four foundational
therapies for HFrEF'.11! The combination of these
four therapies has been shown to provide clinically
meaningful gains in survival free from worsening
HF and prolong life-expectancy in patients with
HFrEF.12 Until recently, based on the order in which
the landmark trials demonstrating the benefit

of these drugs were performed, the guideline-
advocated approach when initiating these therapies
was to introduce one treatment at a time in the
order in which they were studied in clinical trials.
Moreover, each new drug was only added when
the dose of the prior therapy had been up-titrated
to the dose shown to be efficacious in the relevant
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trials (or maximally tolerated dose below
that).!314 In practice, this would mean starting
with an angiotensin-converting enzyme (ACE)
inhibitor (or angiotensin-receptor blocker
[ARB]) and up-titrating to the target dose,
then adding a beta blocker and up-titrating the
dose, followed by a MRA, a neprilysin inhibitor
(added by switching from an ACE inhibitor or
ARB) and, finally, an SGLT2 inhibitor. In most
patients, this process could take six months
or more to complete, during which they would
not be taking one or more of these life-saving
drugs for much of the time. In a challenge

to this widely accepted paradigm, it has

been recently suggested that a novel rapid-
sequencing strategy should be adopted in
which the aim should be to establish patients
on low doses of each of the four foundational
treatments within four weeks of initiation.!>6
This alternative strategy means that patients
are exposed to the individual additive benefits
of each class of drug, which are evident within
weeks of starting, even at the initiating or
sub-target dose. This article will outline this
novel rapid-sequencing strategy and provide
evidence to support its adoption into clinical
practice.

Foundational therapy for
HFrEF

Each of the four foundational pharmacological
therapies for HFrEF has been shown in large,
randomised, placebo- or active-controlled
trials to reduce the risk of cardiovascular
and/or all-cause mortality, and the risk of
hospitalisation for worsening HF.!'! These
benefits have been demonstrated in two or
more trials (i.e. providing external validity)
or, in the case of sacubitril/valsartan, in one
trial with a degree of statistical significance
(p<0.00125) that is equivalent to that of

at least two individual confirmatory trials.
Furthermore, many of these treatments

have been shown to have similar benefits in
reducing mortality and the development of
chronic HF in patients with left ventricular
systolic dysfunction and/or HF at the time

of acute myocardial infarction, a common
pathological precursor to the development of
HFYEF.17-22

Along with the four foundational treatments
for HFrEF, other medications, including
digoxin, ivabradine, vericiguat, omecamtiv
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mecarbil and the combination of hydralazine
and isosorbide dinitrate, are considered
second-line therapies. Indeed, in the recently
updated European Society of Cardiology
(ESC) guidelines for the management of

HF, each of these medications are given a
class Il indication.?® Reasons for this weaker
indication (rather than a class | indication as
for the four foundational treatments) include
a relatively small treatment effect, an effect
on HF hospitalisation with no accompanying
cardiovascular mortality benefit, or the
suggestion of benefit only in certain subgroups
of HFrEF patients.

Conventional sequencing of
foundational drugs for HFrEF

Until recently, international guidelines for the
management of HFrEF advocated a stepwise
sequencing strategy when establishing
patients on foundational HFrEF treatments.!314
The recommended order of therapy initiation
(renin—angiotensin system [RAS] inhibitor and
beta blocker, followed by a MRA, a neprilysin
inhibitor and a SGLT2 inhibitor) was based,
not on clinical trial evidence supporting that
order, but simply on the historical sequence
in which the landmark evidence-generating
trials were conducted. This strategy assumes,
incorrectly, that the treatments studied earlier
are more efficacious (and their initiation

be prioritised) than those discovered more
recently. This can be challenged by the
observation that the use of digitalis, taken by
>90% of patients at baseline in CONSENSUS
(Cooperative North Scandinavian Enalapril
Survival Study), has significantly declined

and is no longer considered as a foundational
treatment for HFrEF based on the results of
the Digitalis Investigation Group (DIG) trial.?*

A second aspect of the conventional approach
was prioritising the up-titration of the dose

of each individual drug class to the target
dose (or maximally tolerated dose below

that) before adding a new medication. During
this process, the delay in initiating all four
life-saving treatments potentially results in
unnecessary hospitalisations and deaths.

The assumption that the recommended drug
classes do not exert their benefits until they
are up-titrated to maximum doses is contrary
to the body of evidence demonstrating that
low or starting doses of ACE inhibitors, beta

blockers, MRAs and sacubitril/valsartan
provide protection from death and reduce the
risk of worsening HF. Indeed, each of the four
classes of foundational therapies has been
shown to exert their benefit within 30 days of
initiation (i.e. when the patients were taking

a low dose or before any up-titration).?5-2°
Furthermore, the additive benefits of the dose
up-titration of a drug are relatively modest
and limited to a reduction in the risk of
hospitalisation compared with the benefits of
adding a new medication; in the Assessment
of Treatment with Lisinopril and Survival
(ATLAS) and Heart failure Endpoint evaluation
of Angiotensin Il Antagonist Losartan (HEAAL)
trials, a three- to seven-fold higher dose of

a RAS inhibitor did not confer a mortality
benefit, unlike the addition of a beta blocker,
a MRA, a neprilysin inhibitor or a SGLT2
inhibitor in their respective landmark trials.3%3!

Finally, the conventional strategy is based

on the assumption that the benefits of new
therapies were demonstrated in landmark
trials when given to patients who were

taking all other background therapies at the
maximal dose, therefore, mandating this

as a prerequisite before adding in any new
medication. We know this not to be the

case, as a significant proportion of patients

in the randomised-controlled trials detailed
above were not on the maximum doses of
background therapy when each new additional
foundational treatment was studied.3233
Furthermore, not all patients in PARADIGM-
HF (Prospective Comparison of ARNI with
ACEI to Determine Impact on Global Mortality
and Morbidity in Heart Failure) were taking

a MRA and a relatively small proportion of
patients in the SGLT2 inhibitor trials were
taking a neprilysin inhibitor.>!! By examining
the totality of evidence (figure 1) it is quite
clear that the benefits of each foundational
drug class are independent and additive to the
others, i.e. the benefit of each foundational
therapy is not contingent on the patient taking
the other treatments at target doses. This

is perhaps no surprise given that each drug
class has a distinct mechanism of action;
RAS inhibitors, beta blockers and MRA
independently antagonise the maladaptive
neurohumoral activation that occurs in HF,
neprilysin inhibitors augment endogenous
levels of vasoactive peptides, including the
natriuretic peptides, and SGLT2 inhibitors
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Figure 1. Evidence for the independent benefits of foundational drugs for heart failure
with reduced ejection fraction (HFrEF)
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have a wide range of proposed mechanisms
of action.343% A further limitation of the
conventional strategy described, is that it

is both time and labour intensive, requiring

Foundational  Trial Trial feature HR (95%Cl) i R . )
treatment 1 multiple clinic visits. This may explain why,
1 . . )
Beta blocker ~ CAPRICORN  ACEi v/ — 0.7 (0.60,0.08)  Jespite a wealth of evidence supporting
(following : their benefits, few patients either receive or
acute M) BHAT ACEi % | I =0.73 are on maximally tolerated doses of all four
I . .
ACE inhibitor ~ SAVE ~40% BB v/ —.—, 0.81 (0.68,0.97)  foundational therapies.**’
1
SOLVD-T BB % —— : 0.84 (0.74, 0.95) Proposed new rapld_
ACE inhibitor = CONSENSUS >50% MRA ¢ | : =0.73 Sequencing Strategy
SOLVD-T MRA % i : 0.84(0.74,0.95) A novel sequencing strategy (figure 2) has
o, I i i
MRA EMPHASIS-HF  >85% BB —— 0.76 (0.62, 0.93) rectIentIy be.en proposed that aims to es.tabllsh
5 1 patients with HFrEF on all four foundational
RALES =10% BB = : 0.70 (060, 0.82) guideline-recommended treatments within
Sacubitril/ PARADIGM-HF  MRA v/ —il— 0.84 (0.73,0.98) 30 days.!®!¢ This proposal is based on a
valsartar MRA % m : 0.75 (0.63, 0.89) series of evidence-based principles. First,
: R that the order of therapy initiation should
SGLTZ inhibitor EICIIP’/EI;IC;:R& NEPi v/ —&— 0.68 (0.53, 0.89)  not be dictated by historical precedent but
Reduced NEPi % B : 0.75 (0.68, 0.84) rather.by f.act'ors including. the magnitud.e. of
0|5 O|8 1lo . '25 reduction in risk of mortality and the ability of

one treatment to enhance the tolerability and
safety of others. Second, that the foundational
treatments exert clinically important benefits
early following initiation, and when taken at

a low dose. Third, a previously commenced
treatment does not require to be up-titrated to
the target dose before initiation of subsequent
therapies, as the additive benefit provided by
dose up-titration is not greater (and may even
be less) than that of the addition of a new
medication. Finally, that the benefit of each
treatment is independent and additive to that
of the others.

Active better Comparator better

Key: ACEi = angiotensin-converting enzyme inhibitor; BB = beta blocker; Cl = confidence interval; HR = hazard ratio;
MI = myocardial infarction; MRA = mineralocorticoid-receptor antagonist; NEPi = neprilysin inhibitor; SGLT2 = sodium-
glucose co-transporter 2

Adapted with permission from Packer M, McMurray JJV. Eur J Heart Fail 2021;23:882-94.16

Figure 2. Conventional and rapid sequencing of foundational drugs'®

Rapid sequencing

Step 1 Beta * SGLT2
blocker inhibitor

Conventional sequencing

Step 1 ACE inhibitor or ARB

Based on these underlying principles, the
proposed new rapid-sequencing strategy
suggests a three-step process aiming to

\ achieve the target of all four foundational

Step 2 Beta blocker

II

Mineralocorticoid-receptor ARB/neprilysin treatments initiated within four weeks, with
Step 3 . Step 2 e )
antagonist inhibitor T . .
further dose up-titration occurring after this.
* In other words, starting all four treatments is
Step 4 ARB/neprilysin inhibitor prioritised over the up-titration of any single
¢ treatment.
\
: - Step 1
Step 5 SGLT2 inhibitor Step 3
P S Initiation of a low dose of an evidence-based

All three steps achieved within 4 weeks beta blocker (bisoprolol, metoprolol succinate
or carvedilol) along with a SGLT2 inhibitor
(dapagliflozin or empagliflozin) in patients
who are assessed to be clinically euvolaemic.
Beta blockers are suggested as one of the

two first-line medications due to the early and

Up-titration to target doses at each step

Typically requires 6 months or more Up-titration to target doses thereafter

Key: ACE = angiotensin-converting enzyme; ARB = angiotensin-receptor blocker; SGLT2 = sodium-glucose co-transporter 2

Reproduced with permission from Packer M, McMurray JJV. Eur J Heart Fail 2021;23:882-94.1¢

https://doi.org/10.5837/bjc.2022.002 | Published online January 12th 2022| The British Journal of Cardiology | 3

Copyright Medinews (Cardiology) Limited Reproduction Prohibited



Copyright Medinews (Cardiology) Limited Reproduction Prohibited

Copyright Medinews (Cardiology) Limited Reproduction Prohibited

SPONSORED ARTICLE

large magnitude of benefit in reducing the
risk of sudden death.?” The CIBIS (Cardiac
Insufficiency Bisoprolol Study) Ill trial, which
reported that initiation of treatment with a
beta blocker was safe and non-inferior to
initiation of an ACE inhibitor, provides support
to this strategy.3® CIBIS Ill also provides a
rationale for combining a beta blocker and

a SGLT2 inhibitor as the first step in the
algorithm; the increased risk of non-fatal HF
hospitalisation seen early after initiation of

a beta blocker in CIBIS Ill may be offset by
the substantial effect that SGLT2 inhibitors
have in reducing the risk of worsening HF, as
well as SGLT2 inhibitor’s potential short-term
diuretic effect.3240 A further, attractive benefit
of the early initiation of a SGLT2 inhibitor is
their renoprotective effect in attenuating the
decline in renal function over time, which is
seen in patients with HF.114

Step 2

Initiation of a combined ARB/neprilysin
inhibitor in the form of sacubitril/valsartan,
one to two weeks following Step 1. Sacubitril/
valsartan has an additive effect to RAS
inhibition alone, with a comparable effect

on reducing the risk of mortality to beta
blockers, and a significant effect on both
major modes of death in HFrEF, death from
progressive HF and sudden cardiac death.®*?
Furthermore, compared with an ACE inhibitor
alone, sacubitril/valsartan attenuates the
decline in renal function over time; this, along
with the observation that both sacubitril/
valsartan and SGLTZ2 inhibitors reduce the risk
of hyperkalaemia and increase tolerance of

a MRA, means that establishing patients on
both of these medications may increase the
subsequent likelihood of safely introducing
and maintaining a patient on a MRA.#345 |n

a subset of patients with low systolic blood
pressure (<100 mmHg), tolerance with
regards to hypotension can be first assessed
with a low dose of an ARB with the addition
of a neprilysin inhibitor once tolerance is
established (a test of an ARB is preferred

to an ACE inhibitor as the latter requires a
minimum 36-hour washout before starting
sacubitril/valsartan to minimise the risk

of angioedema). Early hypotensive effects
frequently resolve with repeated dosing and
may sometimes require de-escalation of
diuretic therapy.*®
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Key messages

® The foundational pharmacological
treatments for heart failure with
reduced ejection fraction (HFrEF)
consist of the combination of
a neprilysin inhibitor and an
angiotensin-receptor blocker, i.e.
sacubitril/valsartan, a beta blocker, a
mineralocorticoid-receptor antagonist
(MRA) and a sodium-glucose co-
transporter 2 (SGLT2) inhibitor, i.e. five
agents given in four tablets

® Each of these therapies offers

Step 3

Introduction of a MRA a further one to

two weeks following Step 2 providing that
updated renal function and serum potassium
measurements are within the acceptable
limits for commencing a MRA, i.e. potassium
<5.0 mmol/L and estimated glomerular
filtration rate (eGFR) =30 ml/min/1.73 m?
The initiation of a MRA once patients are
established on a neprilysin inhibitor and a
SGLT2 inhibitor is expected to increase the
likelihood of tolerance, for the reasons detailed
above, regarding attenuation of worsening
renal function and the risk of hyperkalaemia
(both of which can be exacerbated by a
MRA). In select patients in whom Step 2
consists of adding a neprilysin inhibitor to a
longstanding RAS inhibitor, then Steps 2 and
3 can be consolidated into a single step as the
initiation of a neprilysin inhibitor and a MRA
at the same time is not expected to result in
an increase in adverse effects in patients who
are already established on a RAS inhibitor.
Furthermore, in patients who have difficulties
with symptomatic hypotension, Step 2 and
Step 3 can be reversed (i.e. a MRA introduced
before a neprilysin inhibitor).

Following the completion of these three steps,
the four foundational drugs should be up-
titrated to the target doses studied in clinical
trials or the maximally tolerated dose below
(this does not apply to SGLT2 inhibitors as
these are used in a single dose and do not
require titration).

independent and additive benefits

in reducing the risk of death and
hospitalisation for heart failure, which
are realised early following initiation of
therapy and at low doses

® During the initiation of these treatments
we should, therefore, prioritise
establishing patients on low doses of
all four foundational treatments within
four weeks rather than the traditional
sequencing strategy of starting each
individual medication and up-titrating to
maximally tolerated/target dose prior to
adding a new therapy

Conclusion

There is now unequivocal evidence that

an ARB/neprilysin inhibitor, a beta blocker,

a MRA and a SGLT2 inhibitor should be
considered as foundational treatments for
HFrEF. Each of these four drug classes
provides independent and additive benefits to
the others, which are realised early following
the initiation of treatment. The onus is now on
members of the HF multi-disciplinary team to
ensure rapid and safe implementation of these
four foundational HFrEF treatments. Although
the evidence-based strategy described above
may not be possible in all patients, it can

be employed in many, and has the potential
to prolong survival, prevent hospitalisations,
reduce symptom burden, and improve quality

of life @
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