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Abstract

Aims: We assessed the efficacy of add-on drugs in patients with heart failure with reduced ejection
fraction (HFrEF) and concomitant chronic kidney disease (CKD) already receiving neurohormonal
inhibition (NEUI).

Methods and results: The literature was systematically searched for phase 3 randomized controlled
trials (RCTSs) involving >90% patients with left ventricular ejection fraction <45%, of whom <30%
were acutely decompensated, and with published information about the subgroup of estimated
glomerular filtration rate <60 mL/min/1.73m2. Six RCTs were included in a study-level network
meta-analysis evaluating the effect of NEUI, ivabradine, angiotensin receptor-neprilysin inhibitor
(ARNI), sodium-glucose cotransporter-2 inhibitors (SGLT2i), vericiguat, and omecamtiv mecarbil
(OM) on a composite outcome of cardiovascular death or hospitalization for heart failure. In a fixed-
effects model, SGLT2i (HR 0.78, 95%Crl 0.69-0.89), ARNI (HR 0.79, 95%Crl 0.69-0.90), and
ivabradine (HR 0.82, 95%Crl 0.69-0.98) decreased the risk of the composite outcome vs. NEUI,
whereas OM did not (HR 0.98, 95%Crl 0.89-1.10). A trend for improved outcome was also found
for vericiguat (HR 0.90, 95%Crl 0.80-1.00). In indirect comparisons, both SLGT2i (HR 0.80, 95%Crl
0.68-0.94) and ARNI (HR 0.80, 95%Crl 0.68-0.95) reduced the risk vs. OM; furthermore, there was
a trend for a greater benefit of SGLT2i vs. vericiguat (HR 0.88, 95%Crl 0.73-1.00) and ivabradine
vs. OM (HR 0.84, 95%Crl 0.68-1.00). Results were comparable in a random-effects model and in
sensitivity analyses. SUCRA scores were 81.8%, 80.8%, 68.9%, 44.2%, 16.6%, and 7.8% for
SGLT2i, ARNI, ivabradine, vericiguat, OM, and NEUI, respectively.

Conclusion: Expanding pharmacotherapy beyond NEUi improves outcomes in HFrEF with CKD.
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Introduction

The cornerstone of the medical treatment of heart failure with reduced ejection fraction (HFrEF) has
traditionally consisted of neurohormonal inhibition (NEUI) with beta-blockers (BB), angiotensin-
converting enzyme inhibitor (ACEi)/angiotensin receptor blockers (ARB), and mineralocorticoid
receptor antagonists (MRA) (1). These drugs improve the survival of subjects with HFrEF (2, 3).
Nonetheless, the prognosis of specific patient subsets, such as those who also have chronic kidney
disease (CKD), is often dismal. The prevalence of moderate to severe CKD, as defined by an
estimated glomerular filtration rate (eGFR) below 60 ml/min/1.73m?, is as high as 40% in HFrEF(4)
and it is an independent predictor of short- and long-term cardiovascular (CV) events and death (5-
7). Moreover, the more severe is CKD in HFrEF, the worse the prognosis (8, 9).

In the last years, several randomized controlled trials (RCTs) evaluated new medications in patients
with HFrEF already on NEUi. The angiotensin receptor neprilysin inhibitor (ARNI), sacubitril-
valsartan (10), and the sodium-glucose cotransporter-2 inhibitors (SGLT2i), dapagliflozin (11) and
empagliflozin (12), reduced CV death and hospitalization for HF (HHF) as compared with placebo.
HHF, and thereby the composite outcome of death from CV causes and HHF, were also decreased
by ivabradine (13) and by the soluble guanylate cyclase inhibitor vericiguat (14). Finally, the myosin
activator omecamtiv mecarbil (OM) resulted in a modest, yet significant, reduction in the risk of CV
death or HF event (HHF or urgent HF visit), although it was not superior to placebo for either
component of this outcome (15).

The efficacy of these drugs in HFrEF patients with concomitant CKD has also been assessed
individually within the relevant RCTs (15-20). We performed a network meta-analysis (NMA) to
gain insights into how these therapies perform in HFrEF with CKD, both collectively and relatively

one to another.



Methods

This NMA was registered in PROSPERO (ID: CRD42021224505) and conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) recommendations
(Table S1) (21). All data are available within the article and Supplementary Material.

Search strategy

We systematically searched MEDLINE, Embase, Scopus, and Cochrane Library using the strings
“heart failure”, “randomized controlled trial”, and the combination of them. We also manually
screened the bibliographies of original research articles, guidelines, reviews, and meta-analyses to
identify additional eligible studies. The search was limited to English language, peer-reviewed
publications and is updated to June 25", 2021. The search outputs are summarized in Table S2.
Eligibility criteria and data extraction

First, we selected phase 3 RCTs in which >90% subjects had left ventricular ejection fraction (LVEF)
<45% and were representative of the general HFrEF population (i.e., not limited to specific patient
categories). Moreover, the proportion of individuals admitted for acutely decompensated HF had to
be <30%. Next, we selected the RCTs comparing new drugs vs. placebo in populations already treated
with NEUi as per guidelines (BB, ACEI/ARB, and MRA, unless contraindicated and at the maximally
tolerated doses). Comparisons within the same drug group were excluded. Finally, we retrieved the
articles reporting sufficient information about the outcome of interest in patients with eGFR <60
mL/min/1.73m? of body-surface area according to the Chronic Kidney Disease Epidemiology
Collaboration Group or Modification of Diet in Renal Disease equations (hereafter, referred to as
CKD). We excluded the publications assessing renal function according to an increase in serum
creatinine or a reduction in creatinine clearance as estimated by the Cockroft-Gault formula.
Information was collected from the eligible articles regarding patient characteristics, follow-up
duration, total numbers of patients and outcome events in the RCT arms, and hazard ratios (HRs).

The gathered data were organized into a database with double entry with reconciliation.



When medications other than the investigational one were taken by >50% of the RCT participants,
the investigational treatment was considered as administered on top of these other drugs (22).
Analysis outcome

The outcome evaluated was a composite CV death or first HHF (Table S3 reports the definitions for
each included RCT).

Quiality of evidence

We examined the quality of evidence (high, moderate, low, or very low) according to the GRADE
(Grading of Recommendations, Assessment, Development, and Evaluation) tool (21), taking the
following parameters into consideration: study design, risk of bias, inconsistency, indirect evidence,
imprecision, and publication bias.

Assessment of risk of bias

According to the Cochrane Collaboration’s tool (21), the risk of bias was assessed in 6 pre-specified
domains: selection bias, performance bias, detection bias, attrition bias, reporting bias, and other bias.
Studies were deemed with low risk of bias if all 6 domains were classified as low risk, with medium
risk of bias if there was some concern in >1 domain, and with high risk of bias if the risk was estimated
as high in >1 domain or there was concern in several domains.

Network meta-analysis

The NMA was graphically represented by means of a network, in which each treatment was
connected to every other treatment, regardless of the existence of head-to-head comparisons.

The methodology adopted was similar to that of previous NMAs in HF (2, 3), with a modelling
framework proposed by Dias et al (23). This comprises both a fixed-effects model (primarily
presented) and a more conservative random-effects model within a Bayesian framework using R
software and JAGS software. The Markov chain Monte Carlo method was used running 4 chains with

200000 iterations after a burn-in of 100000. Non-informative priors were used.



The dataset for the models was built based on the total number of patients with CKD randomized per
RCT arm, and the number of patients with CKD in each arm having an event during the exposure
time, corresponding to the reported mean or median follow-up.

Thereafter, the log mean/median follow-up time was used to transform the probability of an event
into a constant rate for each RCT arm by assuming an underlying Poisson process, and a log link was
used to model the event rates (23).

For 2 RCTs (SHIFT (13) and GALACTIC-HF (15)), we used contrast-based data, i.e. we included in
the model the effect estimates and their standard errors, since only HRs with 95% confidence interval
(CI), instead of the numbers of patients with and without events, were available for the CKD
subgroup.

The outputs from the models are presented as HRs with 95% credible intervals (Crl) for the Bayesian
probability that the treatment is better than NEUI. Results for pairwise comparisons are also given.
The number needed to treat (NNT) was calculated as 1/(control-group event rate - investigational-
group event rate).

Heterogeneity was measured through the 12 statistic, with <25%, 25-50% and >50% |2 indicating low,
moderate, or high heterogeneity, respectively, and through 12 heterogeneity. Convergence was
evaluated according to Gelman-Rubin-Brooks.

The analyzed therapies were also ranked by computing the Surface Under the Cumulative Ranking
Area (SUCRA) values for the composite endpoint, with higher SUCRA indicating better-performing
treatments. The following sensitivity analyses were also conducted: a) repeating the analysis with a
frequentist approach, using both a fixed-effects model and a random-effects model with the
DerSimonian-Laird estimator (24); b) excluding the selected studies sequentially (leave-one-out
analysis); c¢) excluding SHIFT and GALACTIC-HF, because the rate of events in patients with CKD
were not published for these RCTs; d) considering empagliflozin and dapagliflozin as different

treatments.



The NMA was conducted in R environment (RStudio Desktop, version 1.2.5033) with gemtc,
ggplot2, igraph, and netmeta packages. Statistical significance was set at p <0.05 for the frequentist

NMA.

Results

The PRISMA diagram showing the search and selection of references is provided in Figure S1, while
the references included in the qualitative synthesis and subsequently excluded based on inclusion and
exclusion criteria are listed in Table S4.

Six RCTs were included, investigating ivabradine (SHIFT (13)), sacubitril-valsartan (PARADIGM-
HF (10)), dapagliflozin (DAPA-HF (11)), empagliflozin (EMPEROR-REDUCED (12)), vericiguat
(VICTORIA (14)), and OM (GALACTIC-HF (15)) in addition to NEUi (Figure 1). The network had
a pentagonal shape with 6 nodes, since dapagliflozin and empagliflozin were grouped together as
SGLT2i.

Study and patient characteristics

The selected RCTs were multicenter, double-blind, and placebo-controlled, with a median follow-up
duration of 20.0 (16.6-26.6) months (Tables S5-S7). All were categorized as of high-quality based
on the GRADE system, and risk of bias was always low, both globally and in individual domains
(Table S8).

The proportion of patients with CKD ranged from 25.6% in SHIFT to 53.2% in VICTORIA. Their
baseline characteristics, as published for 5 of the 6 RCTs, are summarized in Table 1. Mean age was
70.2 years, 76.7% of participants were males, and NYHA class was mostly 11 or 1ll. The etiology of
HF was mainly ischemic and around 40% of patients had a history of atrial fibrillation (AF), with the
exception of SHIFT consistently with ivabradine indication. The mean prevalence of hypertension
was 79.9% and that of diabetes 47.8%, although this latter was lower in SHIFT and PARADIGM-HF
than in the other RCTs (Table 1). While the frequency of BB, MRA, and diuretic use was similar

across the selected RCTs, ACEiI/ARB were taken by 100% subjects in PARADIGM-HF (as per study
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design), 94% in SHIFT, and progressively lower percentages in the most recent RCTs, in which
however the use of ARNI gradually increased up to 20.1% in EMPEROR-REDUCED (Table 2).
Bayesian network meta-analysis

The number of events for the outcome of interest, or the HRs with 95%Cl, are reported in Table 3.
The NNT within the individual RCTs ranged from 14-16 (SHIFT, PARADIGM-HF, and DAPA-HF)
to 27-28 (VICTORIA and EMPEROR-REDUCED).

In the fixed-effects NMA, SGLT2i (HR 0.78, 95%Crl 0.69-0.89), ARNI (HR 0.79, 95%Crl 0.69-
0.90), and ivabradine (HR 0.82, 95%Crl 0.69-0.98) decreased the risk of CV death or HHF as
compared with NEUI (Figure 2 and Table 4). Vericiguat was also associated with a trend for lower
rates of CV death or HHF (HR 0.90, 95%Crl 0.80-1.00), whereas OM had a neutral effect (HR 0.98,
95%Crl 0.89-1.10). In indirect comparisons, both SLGT2i (HR 0.80, 95%Crl 0.68-0.94) and ARNI
(HR 0.80, 95%Crl 0.68-0.95) reduced the composite endpoint as compared with OM; furthermore, a
trend was found for superiority of SGLT2i over vericiguat (HR 0.88, 95%Crl 0.73-1.00) and of
ivabradine over OM (HR 0.84, 95%Crl 0.68-1.00) (Table 4). Pairwise and network comparisons, as
well as ranking probabilities, were similar in the random-effects model (Table S9).

Heterogeneity and convergence

The global I? for the composite endpoint was 22%, indicating low heterogeneity. t was also very low
(0.0005). The Gelman-Rubin-Brooks plot showed high convergence (Figure S2).

Treatment ranking

SGLT2i (81.8%) and ARNI (80.8%) had the highest SUCRA scores for the composite endpoint,
followed by ivabradine (68.9%) and vericiguat (44.2%) (Figure 3).

Sensitivity analyses

Pairwise and network comparisons as well as ranking probabilities were also similar when frequentist

fixed-effects (Table 5 and Figure S3) and random-effects (Table S10) models were used.



The results of the leave-one-out analysis were also overall comparable to the main ones (Table S11).
However, when DAPA-HF was removed, the SUCRA value for empagliflozin was 64.4%, while after
removing EMPEROR-REDUCED the SUCRA value for dapagliflozin was 90.8%.

After excluding SHIFT and GALACTIC-HF, SGLT2i (HR 0.78, 95%Crl 0.69-0.89) and ARNI (HR
0.79, 95%Crl 0.69-0.90) were still associated with a significant reduction in the composite endpoint
vs. NEUI, and SGLT?2i also tended to be better than vericiguat (HR 0.88, 95%Crl 0.73-1.00) (Table
S12).

Finally, when DAPA-HF and EMPEROR-REDUCED were considered separately, dapagliflozin (HR
0.73, 95%Crl 0.60-0.88) and ARNI (HR 0.79, 95%Crl 0.68-0.90) were superior to NEUi with respect
to CV death or HHF. Conversely, the HR for empagliflozin was 0.85 with a 95%Crl between 0.70
and 1.00. In addition, dapagliflozin (HR 0.81, 95%Crl 0.65-1.00), but not empagliflozin (HR 0.95,
95%Crl 0.76-1.20) showed a trend for a decrease in the composite endpoint vs. vericiguat (Table

S13).

Discussion

NEUi has been the backbone of medical therapy for HFrEF. Over the last decade, however, the
addition of several other drugs to NEUI has proved to be superior to NEUi alone in diminishing CV
mortality and/or HHF in patients with HFrEF(25). Although NEUi improves outcomes in subjects
whose eGFR is between 30 and 60 mL/min/1.73m? (26), concomitant CKD still portends a 2-fold
higher risk of mortality in HFrEF (8). Thus, there is still need for better treatment options in this
setting.

This NMA confirms that, in the pivotal RCTs, most new medications retained efficacy in patients
with HFrEF, CKD, and symptoms and clinical and/or biochemical signs of inadequately controlled
HF despite maximized NEUi: SGLT2i, ARNI, and ivabradine decreased the risk of CV death or HHF

by around 20%, and vericiguat by around 10%.



The knowledge that some of these therapies exert favorable actions in the kidney strengthens our
results. Unlike ACEiI/ARB, ARNI induces preferential vasorelaxation of the afferent arteriole and
relative vasoconstriction of the efferent arteriole, eventually preserving glomerular filtration;
furthermore, it positively modulates podocytes and mesangial cells and inhibits renal inflammation
and fibrosis (27). By enhancing sodium delivery to the macula densa, SGLT2i stimulate the release
of molecules that cause afferent artery vasoconstriction, decreasing intraglomerular hypertension and
hyperfiltration and, thereby, eGFR decline and albuminuria progression. SGLT2i may also be
nephroprotective in other ways, such as reduction of glucose burden to the nephrons as well as of
oxidative stress, inflammation, and fibrosis (28). Cyclic guanosine monophosphate signaling, which
is activated by vericiguat, underlies pro-homeostatic intracellular pathways (29).

It may be argued that there is a disconnection between our results and real life, since the RCTs we
examined evaluated cohorts optimally treated with NEUI, whereas implementation of NEUI is often
insufficient in clinical practice, with up-titration being low and discontinuation rates substantial (30).
RCTs and analyses based on the information gathered from RCTs remain fundamental to establish
therapeutic indications and gain insights into subgroups, but should ideally be integrated with real-
world data. The available evidence does not allow concluding that ivabradine and ARNI confer
advantage over NEUI in real-life HFrEF patients with CKD (31, 32), and post-marketing data are still
lacking for SGTLZ2i, vericiguat, and OM. Therefore, the findings of this NMA should be verified in
datasets deriving from registries.

Nonetheless, we show that, in principle, expanding the spectrum of HFrEF pharmacotherapy beyond
NEUI is associated with a lower risk of CV death or HHF in individuals with comorbid CKD. It is
also noteworthy that 11%, 14%, and 20% of participants with CKD, respectively, were also taking
ARNI in the RCTs evaluating dapagliflozin, vericiguat, and empagliflozin, indicating that the
combination of NEUi, ARNI, and the most recent medications is feasible even in the challenging

subset of patients with HFrEF and CKD.
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Although we used the same definition of CKD — i.e., eGFR <60 mL/min/1.73m? — for all RCTs,
important dissimilarities among the included studies should be highlighted. The investigational drug
was always compared with placebo and administered on top of BB, ACEi/ARB, and MRA, with the
exception of PARADIGM-HF, in which eligible subjects received sacubitril-valsartan or enalapril
besides background BB and MRA (10). Furthermore, randomization in PARADIGM-HF was
preceded by a run-in phase to select those who could tolerate the target dose of both sacubitril-
valsartan and enalapril. A key inclusion criterion in SHIFT was the presence of sinus rhythm at
screening, which made an history of AF less common than in the other RCTs, while VICTORIA and
GALACTIC-HF were enriched in patients with worsening HF. These features may have influenced
the impact of the interventions in the CKD subgroups, since AF and events of decompensation have
independent effects on HF prognosis (33, 34). Glomerular filtration is function of systolic blood
pressure, which could be as low as 85 mmHg in GALACTIC-HF and VICTORIA, in contrast with
the cut-off value at screening of 95 or 100 mmHg in the other RCTs. Finally, the eGFR threshold
below which participation in the RCT was precluded ranged from 15 mL/min/1.73m? in VICTORIA
to 20 mL/min/1.73m? in EMPEROR-REDUCED and GALACTIC-HF to 30 mL/min/1.73m? in
DAPA-HF and PARADIGM-HF. In SHIFT, baseline serum creatinine had to be <220 micromol/L.
Therefore, the addition of novel drugs to NEUi improved the outcomes of distinct patient phenotypes
within the heterogeneous HFrEF population with CKD.

On the one hand, this consideration substantiates the conclusion that, in general, the newest medical
therapies should be used in HFrEF with concomitant CKD. SGLT2i are particularly appealing, since
they were evaluated in broader patient profiles as compared with those assessed in the other RCTs
and were among the most effective treatments. Interestingly, the leave-one-out analysis and the
sensitivity analysis in which DAPA-HF and EMPEROR-REDUCED were considered separately
suggest that the benefit of SGLT2i was more pronounced in the former than in the latter RCT.

On the other hand, the differences across studies lend support to the claim that a tailored therapeutic

approach may be preferable for HFrEF with CKD, with different drugs being the first choice
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depending on key patient characteristics (35). In this regard, OM may find a place notwithstanding
the results reported here. The benefit of OM was greater when LVEF was lower in the entire
GALACTIC-HF population (36) and this might be true also in subjects with CKD, although we could
not verify this hypothesis due to the lack of published information. For the same reason we could not
investigate the effects of the latest medications in subsets of patients with HFrEF and CKD, such as
those hospitalized for acute decompensation or diabetic.

In conclusion, the totality of available data from RCTs indicates that adding the newest drugs to NEUI
provides incremental benefit in HFrEF with concomitant CKD, with SGLT2i, ARNI, and ivabradine
being associated with the greatest risk reduction. Further analyses are needed to point out the
phenotypes that are most suitable for each medication, including OM, within the generic category of

patients with HFrEF and CKD.
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Tables

Table 1. Main characteristics of the patients with CKD in the selected RCTs with available information.

RCT Patients Arm Age Male NYHA NYHA  LVEF Ischemic AF Hyper- Diabetes Previous
(year) (n.) (yrs) (%) I-11 -1V (%) HF (%) tension HHF
EMPEROR- . ]
0 0,
REDUCED 893 Empaglifiozin 0 5 L)oo (;.209/2 // 28%" I 978%  545% 437% 78.0%  538%  31.3%
(2020) 906 Placebo 9% A%
VICTORIA 1321 Vericiguat
73. 72.4% 4.2% 46.0% .0% NA NA A% 7.4% 5%
(2020) 1316 Placebo 35 () 5 () 6.0% 30.0% 86.4% 5 o 68.5%
DAPA-HF 962 Dapagliflozin 0 0.0%/ 335%/ 0 0 0 0 0 0
(2019) 964 Placebo 70.9 72.3% 65 8% 0.7% 31.3% 61.0% 45.7% 81.0% 51.0% 49.4%
1333 Sacubitril-

PARADIGM-HF o A1%/  275%]/ . . . . . .
(2014) o \éil:la;;?ir: 70 75.7% 67 7% 0.7% 30.0% 66.0% 44.0% 78.0% 39.0% 63.0%
SHIFT 780 Ivabradine NA / NA /

0 0, 0, 0 0, 0
(2010) 799 Placebo 66.7 63.0% 43.0% NA 29.1% 73.0% 11.0% 76.0% 38.0% NA

AF: atrial fibrillation; HF: heart failure; HHF: hospitalization for HF; LVEF: left ventricular ejection fraction; NA: not available; NYHA: New York

Heart Association; RCT: randomized controlled trial.
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Table 2. Concomitant therapies in patients with CKD in the selected RCTs with available information.

RCT

ACEIi/ARB BB ARNI MRA Diuretic ICD CRT
(year)

EMPEROR-REDUCED
(2020)

VICTORIA
(2020)

DAPA-HF
(2019)

PARADIGM-HF
(2014)

SHIFT
(2010)

66.3% 948% 20.1% 67.9% 90.5% 35.6% 16.1%

64.0% 93.1% 14.2% 555% 98.0% 31.8% 17.9%

80.1% 954% 11.5% 67.3% 95.3% 9.7%

100.0% *  93.0% - 58.0% 78.0% 13.0% 5.0%

94.0% 87.0.% - 59.0% 89.0% 4.0% 2.0%

* before run-in
ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; ARNI: angiotensin receptor-neprilysin inhibitor; BB: beta-

blocker; CRT: cardiac resynchronization therapy; ICD: implantable cardioverter defibrillator; MRA: mineralocorticoid receptor antagonist; NA: not

available; RCT: randomized controlled trial.



Table 3. Number of patients with CKD and the composite outcome events, or HRs for the composite outcome, in the selected RCTSs.

RCT Intervention Patients Events HR 95%Cl NNT
(year) (n°) (n°)
Arm-based data
EMPEROR-REDUCED Empagliflozin 893 202 08
(2020) Placebo 906 237
VICTORIA Vericiguat 1313 535 97
(2020) Placebo 1311 583
DAPA-HF Dapagliflozin 962 191 15
(2019) Placebo 964 254
PARADIGM-HF Sacubitril-valsartan 1333 358 16
(2014) Enalapril 1412 465
Contrast-based data
GALACTIC-HF oM
0.98 0.89-1.07 -
(2020) Placebo
SHIFT Ivabradine
0.82 0.68-0.97 14
(2010) Placebo

ClI: confidence interval; HR: hazard ratio; NNT: number needed to treat; OM: omecamtiv mecarbil.



Table 4. Results of the fixed-effects NMA for the composite outcome of CV death or HHF.

Comparator

Intervention

NEUiI ARNI SGLT2i VERICIGUAT IVABRADINE oM
NEUiI
HR (95%Crl) . 1.30 (1.10-1.50) 1.30(1.10-1.50) 1.10 (0.99-1.30) 1.20 (1.00-1.50) 1.00 (0.93-1.10)
ARNI
HR (95%Crl)  0.79 (0.69-0.90) . 1.00 (0.83-1.20) 0.88 (0.73-1.10) 0.96 (0.77-1.20) 0.80 (0.68-0.95)
SGLT2i
HR (95%Crl) 0.78 (0.69-0.89) 1.00 (0.82-1.20) - 0.88 (0.73-1.00) 0.96 (0.77-1.20) 0.80 (0.68-0.94)
VERICIGUAT
HR (95%Crl)  0.90 (0.80-1.00) 1.10 (0.95-1.40) 1.10 (0.96-1.40) - 1.10 (0.88-1.40) 0.91 (0.78-1.10)
IVABRADINE
HR (95%Crl) 0.82 (0.69-0.98) 1.00 (0.83-1.30) 1.00 (0.84-1.30) 0.92 (0.74-1.10) : 0.84 (0.68-1.00)
OM

HR (95%Crl) 0.98 (0.89-1.10) 1.20 (1.10-1.50) 1.20 (1.10-1.50) 1.10 (0.94-1.30) 1.20 (0.98-1.50) -

ARNI: angiotensin receptor-neprilysin inhibitor; Crl, credible interval; HR: hazard ratio; NEUi: neurohormonal inhibition; OM: omecamtiv

mecarbil; SGLT2i: sodium-glucose cotransporter 2 inhibitor.



Table 5. Results of the frequentist fixed-effects NMA for the composite outcome of CV death or HHF.

Comparator

Intervention

NEUiI ARNI SGLT2i VERICIGUAT IVABRADINE oM
NEUiI
HR (95%CI) - 1.27 (1.10-1.46) 1.27 (1.12-1.46) 1.12 (0.99-1.26) 1.22 (1.02-1.45) 1.02 (0.93-1.13)
ARNI
HR (95%CI) 0.79 (0.69-0.90) - 1.00 (0.82-1.21) 0.88 (0.73-1.05) 0.96 (0.77-1.20) 0.80 (0.68-0.95)
SGLT2i
HR (95%CI) 0.78 (0.69-0.89) 1.00 (0.82-1.20) - 0.88 (0.73-1.05) 0.96 (0.77-1.19) 0.80 (0.68-0.94)
VERICIGUAT
HR (95%CI) 0.89 (0.80-1.01) 1.14 (0.95-1.36) 1.14 (0.96-1.36) - 1.09 (0.88-1.35) 0.91 (0.78-1.06)
IVABRADINE
HR (95%CI) 0.82 (0.69-0.98) 1.04 (0.83-1.30) 1.05 (0.84-1.30) 0.92 (0.74-1.13) - 0.84 (0.68-1.02)
oM

HR (95%CI) 0.98 (0.89-1.08) 1.25(1.05-1.47) 1.25(1.06-1.47) 1.10(0.94-1.28) 1.20 (0.98-1.46) -

ARNI: angiotensin receptor-neprilysin inhibitor; CI, confidence interval; HR: hazard ratio; NEUi: neurohormonal inhibition; OM: omecamtiv

mecarbil; SGLT2i: sodium-glucose cotransporter 2 inhibitor.



Figure legends

Figure 1. Network of the meta-analysis.

The size of the nodes of the network is proportional to the number of patients, the thickness of the
connecting lines corresponds to the number of RCTs with direct comparisons, and the dashed lines
indicate indirect comparisons.

ARNI: angiotensin receptor-neprilysin inhibitor; NEUI: neurohormonal inhibition; OM: omecamtiv

mecarbil; SGLT2i: sodium-glucose cotransporter 2 inhibitor.
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Figure 2. Risk of CV death or HHF with additional medical therapies vs. background NEUI.
ARNI: angiotensin receptor-neprilysin inhibitor; Crl, credible interval, HR: hazard ratio; NEUI:

neurohormonal inhibition; OM: omecamtiv mecarbil; SGLT2i: sodium-glucose cotransporter 2

inhibitor.
Cardiovascular death or heart failure hospitalization

Intervention vs. NEUi HR (95% Crl)
SGLT2i —— 0.78 (0.69-0.89)
ARNI —.— 0.79 (0.69-0.89)
IVABRADINE —-— 0.82 (0.69-0.98)
VERICIGUAT —— 0.90 (0.80-1.00)
oM —— 0.98 (0.89-1.10)
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Figure 3. SUCRA scores for the composite outcome of CV death or HHF.
ARNI: angiotensin receptor-neprilysin inhibitor; NEUi: neurohormonal inhibition; OM: omecamtiv

mecarbil; SGLT2i: sodium-glucose cotransporter 2 inhibitor.
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