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Abstract. De Marzo V, Savarese G, Tricarico L, Has-
san S, Iacoviello M, Porto I, et al. Network meta-
analysis of medical therapy efficacy in more than
90,000 patients with heart failure and reduced
ejection fraction. J Intern Med. 2022;292:333-349.

Background. Following the availability of new drugs
for chronic heart failure (HF) with reduced ejec-
tion fraction (HFrEF), we sought to provide an
updated and comparative synthesis of the evidence
on HFrEF pharmacotherapy efficacy.

Methods. We performed a Bayesian network meta-
analysis of phase 2 and 3 randomized controlled
trials (RCTs) of medical therapy in HFrEF patient
cohorts with more than 90% of the participants
with left ventricular ejection fraction less than 45%
and all-cause mortality reported.

Results. Sixty-nine RCTs, accounting for 91,741
subjects, were evaluated. The step-wise introduc-
tion of new drugs progressively decreased the risk
of all-cause death, up to reaching a random-
effects hazard ratio (HR) of 0.43 (95% credible
intervals [Crl] 0.27-0.63) with beta blockers (BB),
angiotensin-converting enzyme inhibitors (ACEi),
and mineralocorticoid receptor antagonist (MRA)

versus placebo. The risk was further reduced by
adding sodium-glucose cotransporter-2 inhibitors
(SGLT2i; HR 0.38, 95% CrI 0.22-0.60), ivabra-
dine (HR 0.39, 95% Crl 0.21-0.64), or vericiguat
(HR 0.40, 95% CrI 0.22-0.65) to neurohormonal
inhibitors, and by angiotensin receptor-neprilysin
inhibitor (ARNI), BB, and MRA (HR 0.36, 95% Crl
0.20-0.60). In a sensitivity analysis considering the
ARNI and non-ARNI subgroups of SGLT2i RCTs,
the combination SGLT2i + ARNI + BB + MRA
was associated with the lowest HR (0.28, 95%
Crl 0.16-0.45 vs. 0.40, 95% Crl 0.24-0.60 for
SGLT2i + BB + ACEi + MRA). Consistent results
were obtained in sensitivity analyses and by cal-
culating surface under the cumulative ranking
area, as well as for cardiovascular mortality (infor-
mation available for 56 RCTs), HF hospitaliza-
tion (45 RCTs), and all-cause hospitalization (26
RCTs).

Conclusions. Combination medical therapy including
neurohormonal inhibitors and newer drugs, espe-
cially ARNI and SGLT?2i, confers the maximum ben-
efit with regard to HFrEF prognosis.

Keywords: heart failure, mortality, outcomes, phar-
macotherapy, prognosis, trial

Introduction

Three classes of disease-modifying neurohor-
monal inhibitors—beta blockers (BB), angiotensin-
converting enzyme inhibitors/angiotensin receptor
blockers (ACEi/ARB), and mineralocorticoid recep-
tor antagonists (MRA)—represent the core of
medical therapy for chronic heart failure (HF)

with reduced ejection fraction (HFrEF) [1, 2].
Ivabradine and angiotensin receptor-neprilysin
inhibitors (ARNI, i.e., sacubitril /valsartan) comple-
ment neurohormonal inhibitors, and pivotal ran-
domized controlled trials (RCTs) and subsequent
meta-analyses showed that the use of ivabradine
or ARNI together with neurohormonal inhibitors
improves outcomes in HFrEF patients [3, 4].
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In recent years, additional compounds have
been tested for treatment of HFrEF. In partic-
ular, sodium-glucose cotransporter-2 inhibitors
(SGLT?2i) [5, 6] and vericiguat [7] reduced the risk
of the combined endpoint of cardiovascular (CV)
death and hospitalization for HF (HHF) as com-
pared with placebo and, consequently, received
clinical approval from regulatory authorities.

The RCTs evaluating the new HFrEF medications
have been conducted in parallel during the same
periods. As a result, a measure of the overall effect
as well as of the relative efficacy of the most recent
drugs is lacking, which may delay their uptake by
the medical community.

Against this background, we performed an updated
systematic review and a network meta-analysis
(NMA), with the goal of summarizing RCT data
into a framework encompassing direct and indirect
comparisons of medical interventions for HFrEF
[8].

Methods

This NMA was registered in the PROSPERO
database (ID: CRD42021228040) and performed
according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) rec-
ommendations (Table S1) [9]. Full methods and the
data not available within the article are provided as
Supplementary Material.

Search strategy

We systematically searched the MEDLINE,
Embase, Scopus, and Cochrane Library databases
for English-language, peer-reviewed publications
of RCTs in HFrEF up to 30 November 2020,
using the search strings "heart failure" and/or
"randomized controlled trial" (Table S2). The refer-
ences of the selected articles were also thoroughly
screened.

Eligibility criteria and data extraction

After identifying the phase 2 and 3 RCTs enrolling
individuals with chronic HF and left ventricular
ejection fraction (LVEF) less than 45%, we excluded
those with more than 10% of subjects with at least
45% LVEF, which were not representative of the
broad HFrEF population (i.e., investigating only
specific subsets of patients) or for which there was
no published information about the rates of all-
cause death in both the intervention and placebo

or comparator arms. We also excluded the stud-
ies comparing different molecules of the same drug
class (e.g., BB vs. BB).

Three investigators (V.D.M., L.T., and S.H.) inde-
pendently reviewed the retrieved articles and
extracted baseline patient characteristics and
therapies, follow-up duration, total numbers of
patients, and outcome events in the arms of each
RCT, and measures of relative risk (hazard ratios
[HR]), if available. Disagreements were solved by
involvement of another two investigators (P.A. and
M.L).

To account for concomitant treatments, the tested
compound was considered as combined with other
drugs if more than 50% of the patients took these
medications [3, 4, 10].

Analysis outcomes

The primary outcome was all-cause death. The
secondary outcomes of CV death, HHF, and all-
cause hospitalization were also investigated for
those RCTs with data available.

Assessment of risk of bias

We used the Cochrane Collaboration’s tool to
assess risk of bias in six prespecified domains:
selection bias, performance bias, detection bias,
attrition bias, reporting bias, and other bias [11].

Comparison-adjusted funnel plots and Egger’s
regressions were employed to visualize publication
bias, as previously described [12].

Quality of evidence

The quality of evidence (high, low, or unclear) was
examined according to the Grading of Recommen-
dations, Assessment, Development, and Evalua-
tion tool [13].

Network meta-analysis

The NMA comprised a fixed-effects model and a
more conservative random-effects model within a
Bayesian framework using R and JAGS software
[14]. The Markov chain Monte Carlo method was
used, running two chains with 200,000 iterations
after a burn-in of 100,000. Noninformative priors
were used. Results of the random-effects model are
presented unless the fixed-effects model resulted in
a more parsimonious model.

334 © 2022 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.

Journal of Internal Medicine, 2022, 292; 333-349



JIM Meta-analysis of medical therapy for HFrEF / V. De Marzo et al.

SOLVD-prevent (n=4228) 1745 ply
SOLVD-treat (n=2569)

FEST (n=308)

CONSENSUS (n=253)

CASSIS (n=248)

Brown, 1995 (n=241)

Shettigar, 1999 (n=206)

The Capt-Dig. M.R.G., 1988 (n=204)
Beller, 1995 (n=193)

Colfer HT, 1992 (n=172)

MHFT (n=170)

Lewis, 1989 (n=130)

Chalmers, 1987 (n=130)

van Veldhuisen, 1988 (n=122) *

CIBIS ll (n=1010)
CARMEN (n=381)

207 ply
RESOLVD, 2000 (n=426)
21820 ply

CARMEN (n=382)

The Digitalis invest. group, 1997 (n=6800)
The Capt-Dig. M.R.G., 1988 (n=200)
17417 ply

CHARM-AIlt (n=2028)

4903 ply

35 pl
HEAVEN (n=141) el

5419 ply

IVA

+
EMPHASIS-HF (n=2737) ACEI+BB+MRA

AREA IN-CHF (n=467)
Vizzardi, 2014 (n=130)
Cicoria, 2002 (n=106)

11458 p/y
SHIFT (n=6558) el
17136 ply
PARADIGM-HF (n=8399)
VERI
+
VICTORIA (n=5050) 4134 ply

SOCRATES-REDUCED (n=183)

* Highest dose considered

ACEI+BB+MRA

PLACEBO

ACEI+BB

+
MRA

330 ply STRETCH (n=424) *
SPICE (n=270)
Mitrovic, 2003 (n=218)
ELITE Il (n=3152)
5177 ply ELITE | (n=722)

REPLACE (n=154) *
Dickstein, 1995 (n=114) *
Lang, 1997 (n=116)

2656 ply

RALES (n=1663)
84
P RESOLVD, 2003 (n=175) *
8681 ply Val HeFT (n=5010)

Hamroff, 1999 (n=33)

ACEI+ARB
+
BB

COPERNICUS (n=6867)
MERIT-HF (n=3991)

BEST (n=2708)

CIBIS-II (n=2647)

Packer, 1996 (n=1094)
CIBIS (n=641)

ANZ HF C. G., 1997 (n=415)
CARMEN (n=381)

Colucci, 1996 (n=366)
PRECISE (n=278)

7351 ply

CHARM-added (n=2548)

SGLT2i
+
ACEI+BB+MRA

ENECA (n=260)
MOCHA (n=173) *
CELICARD (n=124)
Cohn, 1997 (n=105)
Sturm, 2000 (n=100)
MERIT-HF-Pilot (n=61)
Palazzuoli, 2005b (n=59)
Palazzuoli, 2005 (n=58)
De Milliano, 2002 (n=54)
MIC (n=52)
SYMPOXYDEX (n=50)
Krum, 1995 (n=49)
Dubach, 2002 (n=28)

20446 ply

DAPA-HF (n=4744)
EMPEROR-Reduced (n=3730)
DEFINE-HF (n=263)
EMPIRE-HF (n=190)

11676 ply

GALACTIC-HF (n=8232)

13226 ply COSMIC-HF (n=448)

Fig. 1 Network of the comparisons between different pharmacological treatments for the primary endpoint of all-cause death.
Each treatment (single drug or combination therapy) is represented by a node and is connected to the other treatments (either
single drug class or a combination therapy), irrespective of the existence of head-to-head comparison. The thickness of the
lines is proportional to the number of patients/years. Interventions with different molecules belonging to the same pharma-
cological class, for example, BB, were pooled together to form one node. ACEi, angiotensin converting enzyme inhibitors;
ARB, angiotensin receptor blockers; ARNI, angiotensin receptor-neprilysin inhibitor; BB, beta blockers; DIGO, digoxin; IVA,
vabradine; MRA, mineralocorticoid receptor antagonists; OM, omecamtiv mecarbil; SGLTZ2i, sodium—glucose cotransporter

2 inhibitors; VERI, vericiguat.

The log mean/median follow-up time was used to
transform the probability of an event into a con-
stant rate for an RCT trial arm by assuming an
underlying Poisson process, and a log link was
used to model the event rates.

Heterogeneity was measured through the I? statis-
tic and 7? heterogeneity [15], and convergence
was evaluated according to Gelman-Rubin-Brooks
[16].

Consistency was assessed comparing direct and
indirect evidence with the node-splitting tech-
nique.

The probability that a treatment ranked among the
most effective for the outcomes of interest was cal-
culated as a surface under the cumulative ranking
area (SUCRA) value between 0% and 100% [17].

© 2022 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on bhehalf of Association for Publication of The Journal of Internal Medicine.

The following sensitivity analyses were performed:
use of a frequentist random-effects approach
with the DerSimonian-Laird estimator [18],
sequential exclusion of the selected studies
(leave-one-out analysis), and separation of the
neurohormonal inhibitor and ARNI + BB + MRA
groups in SGLT2i RCTs, although the propor-
tion of participants on ARNI in DAPA-HF and
EMPEROR-REDUCED was below the prespecified
threshold of 50% (see Eligibility criteria and data
extraction).

Metaregression analyses were carried out to deter-
mine whether exclusion of covariates with less
than 30% missing values modified the goodness
of fit of the original regression model, with a
S-units deviance information criterion (DIC) reduc-
tion being considered suggestive for a goodness-
of-fit improvement [19]. The same strategy was
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adopted to account for the risk of time bias, since
the selected RCTs spanned 33 years.

The NMA was conducted in R environment (RStu-
dio Desktop, version 1.2.5033) with forestplot,
gemtc, ggplot2, and netmeta packages. We set sta-
tistical significance at p < 0.05 for the frequentist
NMA.

Results

The PRISMA flowchart depicting the search and
selection of references is provided in Fig. S1, while
the list of references included in the qualitative
synthesis—but then excluded based on prespeci-
fied criteria—is given in Table S3.

A total of 69 RCTs were included in the NMA for
the primary outcome of all-cause death (Fig. 1).
Figures S2-S4 display the diagrams for CV death
(56 RCTs), HHF (45 RCTs), and all-cause hospital-
ization (26 RCTs).

Study and patient characteristics

Most RCTs were double-blind, placebo-controlled,
and multicenter. The publication year was
between 1987 and 2020. In the oldest RCTs, the
investigational drugs (ACEi, BB, or ARB) were
evaluated alone, in the absence of any other
disease-modifying HfrEF medication. Conversely,
in the subsequent RCTs the interventions were
always part of combination treatments of increas-
ing complexity with the progressive adoption of
additional drugs (Fig. 1 and Figs S2-S4).

The main features of the selected RCTs are sum-
marized in Table 1.

The total population consisted of 91,741 patients,
predominantly male (mean 76.3%, range 49.0%—
90.0%) and with a mean age of 62.7 years (52.0—
73.0 years). Most patients were classified under
New York Heart Association (NYHA) class II (mean
48.5%) or III (mean 40.5%). Mean baseline LVEF
was 27.5% (16.0%-40.0%) and HF etiology was
primarily ischemic (mean 58.3%, range 10.0%—
83.0%).

Follow-up lasted from 2.0 [20] to 44.0 [21, 22]
months, with the mean being 13.0 months. Total
patients/exposure was 150,364 patients/year; 22
RCTs had at least 1000 patients/year.

The number of drug classes forming the back-
ground therapy and the proportion of patients tak-
ing it at the beginning of the RCTs increased over
time (Table S4).

Despite some differences in study quality, the risk
of bias was low overall, both globally and in indi-
vidual domains (Table S5).

Bayesian NMA results

The number of events for the endpoints of interest
for each RCT are reported in Table S6, whereas the
results of the random-effects NMA are presented in
Fig. 2 and Tables S7-S10.

All treatments were associated with some reduc-
tion in the risk of the outcomes as compared with
none of the drugs evaluated in the RCTs. This
effect was invariably significant, with the upper
95% credible interval (Crl) being well below 1 for
the combination of BB, ACEi, and MRA, as well
as for the combinations of these and other drugs,
including omecamtiv mecarbil (OM), ivabradine,
vericiguat, and SGLT2i. The magnitude of decrease
in the risk of the outcomes was also always among
the highest with the combination of ARNI, BB, and
MRA (Fig. 2).

As shown in Fig. 2a,b and Tables S7 and S8,
ivabradine, vericiguat, or SGLT2i in addition to BB,
ACEi, and MRA, or ARNI together with BB and
MRA, were associated with the maximum reduc-
tion in all-cause mortality, by 60% to 64% versus
placebo, and CV mortality by 60% to 65% versus
placebo.

These treatments were also associated with the
maximum decrease in the risk of HHF: 77% with
either SGLT2i or ivabradine and BB, ACEi, and
MRA; 76% with ARNI, BB, and MRA; and 75% with
vericiguat, BB, ACEi, and MRA (Fig. 2c and Table
S9).

The estimates of risk reduction for all-cause
hospitalization were smaller, indicating a lower
efficacy of the interventions, and the Crl were
wider because fewer studies reported this end-
point. Complete neurohormonal inhibition with
BB, ACEi, and MRA was associated with a 36%
decrease in the outcome. The addition of SGLT2i or
ivabradine further diminished the risk by 44% and
41%, respectively, and the combination of ARNI
with BB and MRA by 48% (Fig. 2d and Table S10).
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(a) All-cause death (b) Cardiovascular death
Intervention vs. placebo HR (95% Crl) Intervention vs. placebo HR (95% Crl)
ARNI+BB+MRA e 0.36 (0.20-0.60) ARNI+BB+MRA e 0.35 (0.17-0.57)
SGLT2i+ACEI+BB+MRA — 0.38 (0.22-0.60) SGLT2i+ACEI+BB+MRA —— 0.38 (0.21-0.60)
IVA+ACEI+BB+MRA — 0.39 (0.21-0.64) IVA+ACEI+BB+MRA — 0.40 (0.20-0.65)
VERI+ACEI+BB+MRA —— 0.40 (0.22-0.65) VERI+ACEI+BB+MRA —— 0.40 (0.20-0.67)
OM+ACEI+BB+MRA — 0.42 (0.23-0.68) OM+ACEI+BB+MRA — 0.43 (0.25-0.65)
ACEI+BB+MRA —a 0.43 (0.27-0.63) ACEI+BB+MRA - 0.44 (0.22-0.72)
ACEI+ARB+BB — 0.51(0.32-0.75) ACEI+ARB+BB — 0.50 (0.30-0.77)
ARB+BB — 0.52 (0.29-0.84) ARB+BB — 0.57 (0.36-0.87)
ACEI+BB —a 0.56 (0.43-0.69) ACEI+BB — 0.59 (0.43-0.75)
ACEI+MRA — 0.57 (0.37-0.84) ACEI+MRA —— 0.62 (0.32-1.00)
BB e 0.62 (0.41-0.89) BB . 0.76 (0.46-1.20)
ACEI —_— 0.81(0.52-1.20) ACEI — 0.82 (0.64-1.00)
ACEI+ARB — 0.82 (0.62-0.97) ACEI+ARB — 0.83 (0.53-1.30)
DIGO+ACEI —— 0.83 (0.57-1.20) DIGO+ACEI R 0.84 (0.54-1.20)
ARB —— 0.85 (0.60-1.20) ARB —— 0.92 (0.61-1.40)

T T 1 T T 1

0 1 2 0 1 2
(c) Heart failure hospitalization (d) All-cause hospitalization
Intervention vs. placebo HR (95% Crl) Inter vs. placeb HR (95% Crl)
SGLT2i+ACEI+BB+MRA —— 0.23 (0.12-0.37) ARNI+BB+MRA - 0.52 (0.34-0.74)
IVA+ACEI+BB+MRA —- 0.23 (0.11-0.40) SGLT2i+ACEI+BB+MRA — 0.56 (0.36-0.77)
Y e 0207108 nncerssma L
ACEI+BB+MRA —.— 0.29 (0.17-0.45) ACEI+BB+MRA . 064 (0.46-0.82)
OM+ACEI+BB+MRA - 0.29 (0.13-0.50) ACEI+ARB+BB — 0.64 (0.43-0.85)
ACEI+ARB —. 0.44 (0.22-0.66) ACEI+BB —e— 0.76 (0.59-0.89)
DIGO+ACEI —. 0.50 (0.29-0.75) ACEI+MRA e 0.78 (0.57-1.00)
ACEI+BB — 0.51(0.37-0.66) ARB+BB —_— 0.80 (0.56-1.10)
ACEI+ARB+BB —— 0.52 (0.32-0.90) DIGO+ACEI — 0.83 (0.59-1.00)
ALl RA — o5 Eg-gg'g-?g; ACEI+ARB — 0.83 (0.61-1.10)
ARB —. 0.63 (0.42-0.90) ARB - 0.84(0.62-1.00)
ACEI . 0.67 (0.52-0.82) BB —— 0.85(0.65-1.10)
BB 0.84 (0.54-1.30) ACEI —— 0.90 (0.75-1.00)

r T 1 T T 1

0 1 2 0 1 2

Fig. 2 Results of the random-effects network meta-analysis for all-cause death (a), cardiovascular death (b), heart failure
hospitalization (c), and all-cause hospitalization (d). The points and the bars represent the hazard ratios (HRs) and 95%
credible intervals (Crl), respectively, for intervention versus placebo (i.e., none of the drugs evaluated in the randomized
controlled trials). ACEi, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; ARNI, angiotensin
receptor-neprilysin inhibitor; BB, beta blockers; DIGO, digoxin; IVA, ivabradine; MRA, mineralocorticoid receptor antagonists;
OM, omecamtiv mecarbil; SGLT2i, sodium-glucose cotransporter 2 inhibitors; VERI, vericiguat.

The results of direct and indirect comparisons are
visually presented in Figs 3 and 4, while the HR
and 95% Crl are reported in Tables S7-10. Overall,
neurohormonal inhibition was superior to single-
drug or two-drug approaches, and combination
therapies beyond neurohormonal inhibition (i.e.,
additional agent besides BB, ACEi, and MRA, or
ARNI together with BB and MRA) provided further
risk reduction compared with neurohormonal inhi-
bition. Moreover, there was a trend for better out-
comes with the schemas including ivabradine, veri-
ciguat, SGLT2i, or ARNI over those including OM.

Network comparisons as well as ranking proba-
bilities were similar in frequentist random-effects
models (Figs S5-S8).

Sensitivity analysis of different treatment schemas with
SGLT2i

In DAPA-HF and EMPEROR-REDUCED, 508
(10.7%) and 727 (19.5%) patients, respectively,

were taking ARNI at baseline. When the SGLT2i
node was split in two according to the use of ARNI,
the schema including SGLT2i, ARNI, BB, and MRA
was superior to the one with SGLT2i, BB, ACEi,
and MRA in decreasing all-cause and CV mortality.
In fact, it was associated with the greatest risk
reduction for these outcomes, by 72% and 76%,
respectively (Fig. 5 and Fig. S9). Conversely, either
drug combination similarly diminished the risk of
HHF (Fig. 5 and Fig. S9).

Treatment ranking

The highest SUCRA values for all-cause death were
obtained for treatment with ARNI, BB, and MRA
(87.7%); SGLT2i, BB, ACEi, and MRA (85.0%);
ivabradine, BB, ACEi, and MRA (80.5%); and veri-
ciguat, BB, ACEi, and MRA (78.1%) (Fig. S10).

These drug combinations also ranked the high-
est for CV death and HHF—the SUCRA values
were 91.7% for CV death and 85.1% for HHF with

342 © 2022 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Comparator

PLAC | ARB | DIGO | ACEIl | ACEI BB

ACEIl | ARB

Intervention

PLACEBO >
ARB

ACEI

MRA

ACEl | ARB | ACEI | ACEI oM VERI IVA |SGLT2i| ARNI
+ + + + + + + + +
BB BB ARB BB ACEl | ACEI | ACEI | ACEI BB
+ + + + + + +
BB MRA BB BB BB BB MRA
+ + + +
MRA | MRA | MRA | MRA

DIGO+ACEI

ACEI+ARB *

ACEI

BB
ACEI+MRA
ACEI+BB

ARB+BB

ACEI+ARB+BB

*| w| x| | x| x| x

ACEI+BB+MRA

OM+ACEI+BB+MRA

VERI+ACEI+BB+MRA

IVA+ACEI+BB+MRA

SGLT2i+ACEI+BB+MRA

w| | ok wf w| a| #| | #
* x| [ x[ x[ #| %
*| x| | #[ x| #| »

* x| [ x[ x| »

ARNI+BB+MRA

Fig. 3 Graphical representation of random-effects Bayesian network meta-analysis direct and indirect comparisons for all-
cause mortality. The hazard ratios (HRs) for the comparisons are color coded. Green indicates HR between 0.31 and 0.70,
yellow HR between 0.71 and 0.99 (to the left of the grey cells) or between 1.01 and 1.30 (to the right of the grey cells), and
red HR higher than 1.31. Within each color, shades become darker with every 0.10-unit decrease or increase (e.g., HRs
between 0.50 and 0.60 are darker green than those between 0.60 and 0.70, and HRs between 1.40 and 1.50 are darker
red than those between 1.31 and 1.40). White indicates HR = 1.00, and the symbol “*” indicates statistical significance.
ACE(, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blockers; ARNI, angiotensin receptor-neprilysin
inhibitor; BB, beta blockers; DIGO, digoxin; IVA, ivabradine; MRA, mineralocorticoid receptor antagonists; OM, omecamtiv
mecarbil; SGLT2i, sodium—-glucose cotransporter 2 inhibitors; VERI, vericiguat.

ARNI, BB, and MRA; 80.4% and 83.1% with veri-
ciguat, BB, ACEi, and MRA; 85.8% and 90.4%
with SGLT2i, BB, ACEi, and MRA; and 80.4% and
89.0% with ivabradine, BB, ACEi, and MRA (Figs
S11 and S12).

Finally, SUCRA scores for all-cause hospitalization
were 93.6% for ARNI, BB, and MRA; 88.2% for
SGLT2i, BB, ACEi, and MRA,; 82.7% for ivabradine,
BB, ACEi, and MRA; and 74.2% for ACEi, ARB, and
BB (Fig. S13).

The results of the leave-one-out analysis were also
comparable overall to the main ones (Table S11).

Heterogeneity, publication bias, convergence, and
node-split analysis

Global I? for the endpoint of all-cause death was
16% (95% Crl: 0.4%-40.1%), showing low hetero-
geneity. t2 was also very low (0.0010).

Comparison-adjusted funnel plots and Egger’s
regressions were not suggestive of significant pub-
lication bias (Fig. S14).

© 2022 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on hehalf of Association for Publication of The Journal of Internal Medicine.

Gelman-Rubin-Brooks plot for all-cause death
showed high convergence (Fig. S15).

Node-split analysis did not show significant incon-
sistency between direct and indirect evidence for
all endpoints, except for some inconsistency in the
HHF model (Figs S16-S19).

Metaregression analyses

The covariates with less than 30% of missing val-
ues were age (missing: 4.3%), sex (5.7%), baseline
NYHA class III/IV (8.6%), baseline LVEF (7.1%),
and ischemic etiology of HF (27.1%). Accounting for
these variables and for the risk of time bias yielded
DIC values similar to those of the reference mod-
els, with the changes in the goodness of fit being
negligible (Table S12).

Discussion

This NMA provides a comprehensive synthesis of
phase 2 and 3 RCT data on HFrEF pharmacother-
apy, encompassing more than 90,000 patients
recruited over more than 30 years.

343
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(a)

PLACEBO
ARB

Comparator

PLAC | ARB | DIGO | ACEI | ACEI | BB | ACEI | ACEI | ARB | ACEI | ACEI | OM | VERI | IVA |SGLT2i] ARNI
+ + + + + + + + + + + +
Intervention ACEl | ARB MRA | BB BB | ARB | BB | ACEl | ACEl | ACEl | ACEI | BB
+ + + + + + +
BB | MRA | BB BB BB BB | MRA

+ + + +

MRA | MRA | MRA | MRA

DIGO+ACEI

ACEI+ARB

ACEI

BB
ACEI+MRA
ACEI+BB

ARB+BB

ACEI+ARB+BB

B

ACEI+BB+MRA

I I )

OM+ACEI+BB+MRA

I ) Y I (Y
*

VERI+ACEI+BB+MRA * *
IVA+ACEI+BB+MRA * * *
SGLT2i+ACEI+BB+MRA * * *

ARNI+BB+MRA

(b)

Comparator
PLAC | ARB | DIGO | ACEl | ACEI | BB | ACEl | ACEI | ARB | ACElI | ACEI | OM | VERI | IVA [SGLT2i| ARNI
+ + + + + + + + + + + +
Intervention ACEl | ARB MRA | BB BB | ARB | BB | ACEl | ACEI | ACEIl | ACEI | BB
+ + + + + + +
BB | MRA | BB BB BB BB | MRA
+ + + +
MRA | MRA | MRA | MRA
PLACEBO * *
ARB *
DIGO+ACEI *
ACEI+ARB . * *
ACEI * * *
BB * *
ACEI+MRA *
ACEI+BB * * *
ARB+BB
ACEI+ARB+BB *
ACEI+BB+MRA * * *
OM+ACEI+BB+MRA

VERI+ACEI+BB+MRA

IVA+ACEI+BB+MRA

SGLT2i+ACEI+BB+MRA

x| x| x| #

I Y Y I
x| x| o #

ARNI+BB+MRA

Fig. 4 Graphical representation of random-effects Bayesian network meta-analysis direct and indirect comparisons for
cardiovascular mortality (a) and heart failure hospitalization (b). For color coding, see legend for Fig. 3. ACEi, angiotensin
converting enzyme inhibitors; ARB, angiotensin receptor blockers; ARNI, angiotensin receptor—-neprilysin inhibitor; BB, beta
blockers; DIGO, digoxin; IVA, ivabradine; MRA, mineralocorticoid receptor antagonists; OM, omecamtiv mecarbil; SGLTZ2i,
sodium-glucose cotransporter 2 inhibitors; VERI, vericiguat.

This ample body of evidence extends the conclu-
sions of previous NMA [3, 4], confirming that the
step-wise addition of new drugs to the pre-existing
medical therapy has progressively and substan-
tially ameliorated the prognosis of patients with
HFrEF, up to abating the risk of mortality and HHF
by around 65% and 75%, respectively, as com-
pared with no treatment.

It is also shown that the greatest benefit has been
attained by combining neurohormonal inhibitors
and newer molecules, as well as by substituting

ARNI for ACEi in a treatment schema that also
includes BB and MRA. Furthermore, a sensitivity
analysis—taking into account the minority of par-
ticipants in DAPA-HF and EMPEROR-REDUCED
who were on ARNI at baseline—indicates that the
use of SGLT2i, ARNI, BB, and MRA is associated
with the maximum improvement in outcomes, with
all-cause and CV death both being decreased by
more than 70%.

These findings buttress the paradigm that poly-
therapy with neurohormonal inhibitors and the

344 © 2022 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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(a) All-cause death (b) Cardiovascular death
Intervention vs. placebo HR (95% Crl) Intervention vs. placebo HR (95% Crl)
SGLT2i+ARNI+BB+MRA —— 0.28 (0.16-0.45) SGLT2i+ARNI+BB+MRA e 0.24(0.13-0.41)
ARNI+BB+MRA — 0.37 (0.22-0.55) ARNI+BB+MRA e 0.34 (0.20-0.51)
SGLT2i+ACEI+BB+MRA —a 0.40 (0.24-0.60) SGLT2i+ACEI+BB+MRA — 0.39 (0.23-0.60)
IVA+ACEI+BB+MRA . 0.40 (0.23-0.64) IVA+ACEI+BB+MRA — 0.40 (0.23-0.64)
VERI+ACEI+BB+MRA —- 0.41 (0.24-0.64) VERI+ACEI+BB+MRA — 0.41(0.23-0.63)
OM+ACEI+BB+MRA —— 0.43 (0.24-0.67) OM+ACEI+BB+MRA — 0.44 (0.28-0.63)
ACEI+BB+MRA — 0.44 (0.28-0.63) ACEI+BB+MRA —— 0.44 (0.25-0.71)
ACEI+ARB+BB — 0.51(0.34-0.73) ACEI+ARB+BB —— 0.50 (0.33-0.74)
ARB+BB e 0.53 (0.31-0.83) ARB+BB — 0.57 (0.39-0.83)
ACEI+BB m 0.57 (0.44-0.69) ACEI+BB — 0.59 (0.45-0.74)
ACEI+MRA — 0.58 (0.39-0.81) ACEI+MRA —_— 0.63 (0.35-1.00)
BB — 0.63 (0.43-0.90) BB — 0.76 (0.49-1.20)
ACEI — 0.82 (0.68-0.96) ACEI —r— 0.82(0.67-0.99)
ACEI+ARB — 0.82 (0.56-1.10) ACEI+ARB — 0.83 (0.56-1.20)
DIGO+ACEI — 0.83 (0.58-1.10) DIGO+ACEI —— 0.84 (0.58-1.20)
ARB | —.—! : 0.87 (0.62-1.20) ARB : —-—K : 0.92 (0.64-1.30)
0 1 2 0 1 2
(c) Heart failure hospitalization
Intervention vs. placebo HR (95% Crl)
SGLT2i+ARNI+BB+MRA —-— 0.21(0.11-0.38)
SGLT2i+ACEI+BB+MRA - 0.22 (0.12-0.37)
ARNI+BB+MRA e 0.23 (0.11-0.41)
VERI+ACEI+BB+MRA . 0.25 (0.12-0.44)
IVA+ACEI+BB+MRA —— 0.29 (0.14-0.52)
OM+ACEI+BB+MRA Cw 0.29(0.17-0.45)
ACEI+BB+MRA — 0.31(0.17-0.52)
ACEI+ARB . 0.43 (0.23-0.67)
ACEI+ARB+BB — 0.50 (0.30-0.78)
DIGO+ACEI — 0.52 (0.37-0.67)
ACEI+BB e 0.54 (0.31-0.87)
ACEI+MRA —— 0.54 (0.32-0.92)
ARB+BB —— 0.61(0.31-1.20)
ARB B 0.64 (0.42-0.92)
ACE! —e 0.68 (0.53-0.84)
BB e 0.84 (0.54-1.30)

T 1
1 2

Fig. 5 Risk reduction in all-cause mortality (a), cardiovascular mortality (b), and heart failure hospitalization (c) after dis-
tinguishing subgroups of combination therapy with sodium-glucose cotransporter-2 inhibitors according to concomitant use
of angiotensin receptor-neprilysin inhibitor. For each outcome, the hazard ratios (HRs) with 95% credible intervals (Crl)—as
calculated by random-effects network meta-analysis—are shown for interventions versus placebo (i.e., none of the drugs
evaluated in the randomized controlled trials). ACEi, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor
blockers; ARNI, angiotensin receptor-neprilysin inhibitor; BB, beta blockers; DIGO, digoxin; IVA, ivabradine; MRA, mineralo-
corticoid receptor antagonists; OM, omecamtiv mecarbil; SGLT2i, sodium~-glucose cotransporter 2 inhibitors; VERI, vericiguat.

most recent medications should be started simul-
taneously rather than sequentially in subjects with
HFrEF [23].

The most striking impact of contemporary phar-
macotherapy on the course of HFrEF is the decline
in all-cause mortality, which is nowadays more
than halved as compared with no treatment. This
effect is even more notable considering that HFrEF
drugs mainly prevent CV deaths, and thereby the
competing risk of non-CV death has grown over
time [24, 25].

As expected, we observed the greatest relative risk
reduction for HHF, the hard endpoint that most
immediately reflects the advantages afforded by an
intervention for HF [26-29].

When possible, we also assessed the effect of
HFrEF medications on all-cause hospitalization.
This information was not available in 63% of
the RCTs examined, which is a reason for con-

cern since admission for non-CV conditions is
part of the clinical events directing the trajec-
tory and influencing the prognosis of HFrEF [28,
30-32]. With this limit recognized, we found that
ivabradine or SGLT2i in addition to neurohor-
monal inhibitors, and ARNI together with BB and
MRA, decreased the risk of all-cause hospitaliza-
tion more than mere neurohormonal inhibition.
These results are consistent with the main ones
and, again, indicate that HFrEF pharmacother-
apy should be expanded beyond neurohormonal
inhibitors.

Although the statistical significance of RCT results
is fundamental, other considerations may motivate
prioritization of HFrEF medications. Unlike ACEi,
ARB have never been evaluated in an RCT together
with BB and MRA. The cohorts of the RCTs inves-
tigating ARNI and SGLT2i were bigger than those
of the RCTs with ivabradine and vericiguat. Fur-
thermore, ivabradine and vericiguat were restricted
to selected patients, that is, those having a sinus

© 2022 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on hehalf of Association for Publication of The Journal of Internal Medicine. 345
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rhythm with the resting heart rate being at least
70 beats per minute or an episode of worsening HF
within 6 months, respectively. Finally, vericiguat
has not been introduced in clinical practice yet.
Therefore, at present, SGLT2i, ARNI (or ACEi), BB,
and MRA are viewed as the pillars of HFrEF medi-
cal therapy, while ivabradine and vericiguat repre-
sent second-line options for HFrEF with persisting
symptoms [33].

Interestingly, we observed that SGLT2i, ARNI, BB,
and MRA had higher efficacy than SGLT2i, BB,
ACEi, and MRA, and conferred the highest pro-
tection against total and CV death, even though
this was in a sensitivity analysis. This is in agree-
ment with a prior cross-trial analysis [31] and fur-
ther supports the emphasis on early prescription
of both SGLT2i and ARNI to HFrEF patients [1].

In the RCTs we analyzed, the percentage of sub-
jects taking neurohormonal inhibitors at the time
of randomization was variable. Moreover, these
drugs were most often, but not always, titrated to
the target dose, as established in previous RCTs.
For instance, in DAPA-HF, the vast majority of sub-
jects, but not all, were on BB and 71% were on MRA
at baseline, with the mean dose of spironolactone
and eplerenone being 31.4 and 32.5 mg against the
recommended dose of 50 mg [5].

Our NMA shows that, in aggregate, the com-
bination of neurohormonal inhibitors and more
recent compounds was superior to neurohormonal
inhibitors alone, but does not discriminate between
subgroups with different patterns of background
neurohormonal inhibition (e.g., BB, but no MRA).
Patient-level data would be needed to achieve
this scope, a requisite that clearly cannot be met
when examining a total of 69 RCTs. Nonetheless,
earlier studies suggest that target doses of neuro-
hormonal inhibitors are only modestly more effec-
tive than lower ones [34-38].

Along these lines, patient features were diverse
across the RCTs, primarily because the enrollment
criteria changed. We did acknowledge these dis-
similarities and carried out several metaregression
analyses, but we could not thoroughly investigate
whether HFrEF drugs performed differently in spe-
cific subsets, such as in case of female sex or higher
NYHA class.

However, we argue that the approach of the present
work corresponds to that of the guidelines, which

condense the RCT evidence and delineate princi-
ples of therapy, based on the overall characteris-
tics and results of the studies, to be applied to
the wide HFrEF population. The clinician is then
expected to evaluate the patient and tailor the
treatment [33, 39, 40]. With a spectrum of medi-
cations being available to improve outcomes, fac-
tors such as heart rhythm, blood pressure, renal
function, and diabetes can be individually targeted
[40]. In light of the complexity of HFrEF syndrome
and the great degree of heterogeneity of patient pro-
files in the real-life setting, the possibility of choos-
ing among several, effective therapeutic schemas is
invaluable.

Besides not distinguishing between patient sub-
groups, our work has other limitations.

First, it covers a uniquely high number of HFrEF
RCTs, but others were not included because the
search criteria were not met. Second, some RCTs
tested drugs that are not indicated for HF patients,
such as atenolol and canrenone. Third, the NMA
relies on the assumption that all drugs belong-
ing to the same class have similar efficacy, which
may not be true. Fourth, we omitted nonphar-
macological interventions, such as in particular
implantable-cardioverter defibrillators and cardiac
resynchronization therapy, since published data
are not granular enough to discriminate treatment
strategies purely based on medications from those
including both drugs and devices.

Conclusions

The sequence of RCTs of medical therapy for
HFrEF corresponds to a gradual but constant
improvement in major outcomes. After the suc-
cessful adoption of BB, ACEi, and MRA, the addi-
tion of new drugs to neurohormonal inhibitors
has further diminished the risk of death, HHF,
and—to a certain extent—all-cause hospitaliza-
tion. According to this evidence, combination phar-
macotherapy beyond neurohormonal inhibition—
particularly with SGLT2i and ARNI—must be pur-
sued in patients with HFrEF.
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