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Abstract

Aims

Methods
and results

The PARAGLIDE-HF trial demonstrated reductions in natriuretic peptides with sacubitril/valsartan compared with valsartan
in patients with heart failure (HF) with mildly reduced or preserved ejection fraction who had a recent worsening HF event,
but was not adequately powered to examine clinical outcomes. PARAGON-HF included a subset of PARAGLIDE-HF-like
patients who were recently hospitalized for HF. Participant-level data from PARAGLIDE-HF and PARAGON-HF were
pooled to better estimate the efficacy and safety of sacubitril/valsartan in reducing cardiovascular and renal events in HF
with mildly reduced or preserved ejection fraction.

Both PARAGLIDE-HF and PARAGON-HF were multicentre, double-blind, randomized, active-controlled trials of sacubitril/
valsartan vs. valsartan in patients with HF with mildly reduced or preserved left ventricular ejection fraction (LVEF >40% in
PARAGLIDE-HF and >45% in PARAGON-HF). In the pre-specified primary analysis, we pooled participants in
PARAGLIDE-HF (all of whom were enrolled during or within 30 days of a worsening HF event) with a ‘PARAGLIDE-like’ sub-
set of PARAGON-HF (those hospitalized for HF within 30 days). Ve also pooled the entire PARAGLIDE-HF and PARAGON-
HF populations for a broader context. The primary endpoint for this analysis was the composite of total worsening HF events
(including first and recurrent HF hospitalizations and urgent visits) and cardiovascular death. The secondary endpoint was the
pre-specified renal composite endpoint for both studies (>50% decline in estimated glomerular filtration rate from baseline,
end-stage renal disease, or renal death). Compared with valsartan, sacubitril/valsartan significantly reduced total worsening HF
events and cardiovascular death in both the primary pooled analysis of participants with recent worsening HF [n = 1088; rate
ratio (RR) 0.78; 95% confidence interval (Cl) 0.61-0.99; P = 0.042] and in the pooled analysis of all participants (n = 5262; RR
0.86; 95% Cl: 0.75-0.98; P = 0.027). In the pooled analysis of all participants, first nominal statistical significance was reached by
Day 9 after randomization, and treatment benefits were larger in those with LVEF <60% (RR 0.78; 95% Cl 0.66-0.91)
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compared with those with LVEF >60% (RR 1.09;

95% Cl 0.86—1.40; Piteraction = 0.021). Sacubitril/valsartan was also associated

with lower rates of the renal composite endpoint in the primary pooled analysis [hazard ratio (HR) 0.67; 95% C| 0.43-1.05; P =
0.080] and the pooled analysis of all participants (HR 0.60; 95% Cl| 0.44-0.83; P = 0.002).

In pooled analyses of PARAGLIDE-HF and PARAGON-HF, sacubitril/valsartan reduced cardiovascular and renal events

Conclusion

among patients with HF with mildly reduced or preserved ejection fraction. These data provide support for use of sacubi-
tril/valsartan in patients with HF with mildly reduced or preserved ejection fraction, particularly among those with an LVEF

below normal, regardless of care setting.

Structured Graphical Abstract

Key Question

What is the efficacy and safety of sacubitril/valsartan compared with valsartan on cardiovascular and renal outcomes in patients with

heart failure (HF) with mildly reduced or preserved ejection fraction?

Key Finding

In a prespecified, participant-level pooled analysis of PARAGLIDE-HF and the PARAGON-HF subset that was recently hospitalized for
HF, sacubitril/valsartan significantly reduced total worsening HF events and cardiovascular death (rate ratio 0.78; 95% confidence interval
0.61-0.99; P = 0.042). Treatment benefits tended to be larger in those with left ventricular ejection fraction (LVEF) < 60%.

Take Home Message

These data strengthen the current evidence base supporting the use of sacubitril/valsartan in patients with heart failure with mildly
reduced or preserved ejection fraction, particularly among those with an LVEF below normal, regardless of care setting.
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A pre-specified participant-level pooled analysis of PARAGLIDE-HF and PARAGON-HF. The primary endpoint for the pooled analysis was total
worsening HF events and cardiovascular death. Cl, confidence interval; CV, cardiovascular; ED, emergency department; NNT, number needed

to treat; RR, rate ratio.
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Introduction

The PARAGLIDE-HF trial evaluated sacubitril/valsartan against valsar-
tan in a high-risk, broad population of patients with heart failure (HF)
with mildly reduced or preserved ejection fraction and a recent wor-
sening HF event." While the primary objective of PARAGLIDE-HF
was to evaluate changes in natriuretic peptide levels, the trial was
not adequately powered to assess clinical outcomes. The larger

PARAGON-HF trial examined sacubitril/valsartan against the same ac-
tive comparator (valsartan) among patients with HF and left ventricular
ejection fraction (LVEF) > 45%,” and suggested potential benefits in se-
lect populations, including those with an LVEF below normal® and wo-
men.* PARAGON-HF included a subset of ‘PARAGLIDE-HF-like’
patients who were recently hospitalized for HF.> A pooled analysis of
PARAGLIDE-HF and PARAGON-HF was pre-specified in the
PARAGLIDE-HF statistical analysis plan before unblinding to better
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estimate the composite therapeutic effects of sacubitril/valsartan on
cardiovascular and renal outcomes. This comprehensive pooled ana-
lysis provides a more robust evidence base to guide clinical decision-
making about the use of sacubitril/valsartan in HF with mildly reduced
or preserved ejection fraction.

Methods
Design of PARAGLIDE-HF and PARAGON-HF

Detailed study designs, protocols, and the primary results of
PARAGLIDE-HF"¢ and PARAGON-HF>"® have been previously published.
Key design elements are summarized in Supplementary data online,
Table S1. Both trials were multicentre, double-blind, randomized, active-
controlled trials of sacubitril/valsartan vs. valsartan in patients with HF,
LVEF >40% (PARAGLIDE-HF) or LVEF >45% (PARAGON-HF), and ele-
vated natriuretic peptides. Patients in PARAGLIDE-HF were enrolled dur-
ing (once haemodynamically stabilized) or soon after (within 30 days) a
worsening HF event, while PARAGON-HF allowed screening but did not
allow randomization during hospitalization for worsening HF.
PARAGLIDE-HF also had broader eligibility enrolling patients to a lower
screening estimated glomerular filtration rate (eGFR) (20 mL/min/1.73 m?
vs. 30 mL/min/1.73 m* in PARAGON-HF) and included populations ex-
cluded in PARAGON-HF such as class 3 obesity (body mass index
>40 kg/m?), de novo HF, and patients with HF with improved LVEF.
PARAGON-HF only randomized patients tolerating half-target doses of
both study drugs during sequential single-blind run-in periods, while
PARAGLIDE-HF did not employ a run-in period. Eligible participants were
randomized 1:1 to either sacubitril/valsartan (target dose, 97 mg/103 mg
twice daily) or valsartan (target dose, 160 mg twice daily) in both trials.

Data harmonization and pooling

We conducted two pooled analyses using participant-level data from both
PARAGON-HF and PARAGLIDE-HF. The primary analysis pooled partici-
pants in PARAGLIDE-HF and a subset in PARAGON-HF who were
‘PARAGLIDE-HF-like” enrolled within 30 days of an episode of worsening
HF> For broader context, a secondary analysis pooled the entire
PARAGLIDE-HF and PARAGON-HF populations.

Clinical outcomes

The primary endpoint of these pooled analyses was a composite of total
(first and recurrent) worsening HF events (which included hospitalizations
and urgent ambulatory visits for HF) and cardiovascular death. The second-
ary endpoint was the pre-specified renal composite endpoint for both stud-
ies (>50% decline in eGFR from baseline, end-stage renal disease, or renal
death). Glomerular filtration rate was estimated using the Modification of
Diet in Renal Disease study equation in both trials.” In addition, we exam-
ined total HF hospitalizations and cardiovascular death (the primary end-
point of PARAGON-HF).

Clinical endpoints were adjudicated by the same clinical endpoints com-
mittee in both trials (Brigham and Women'’s Hospital, Boston, MA). In the
primary pooled analysis, treatment effects of sacubitril/valsartan on the pri-
mary endpoint were examined across key subgroups of interest based on
age, sex, race, LVEF, eGFR, history of atrial fibrillation or flutter, body
mass index, baseline use of renin—angiotensin system inhibitors (RASi), min-
eralocorticoid receptor antagonists, and B-blockers.

Definitions of adverse events [symptomatic hypotension, hyperkalemia
(defined as serum potassium >5.5 mEq/L) and worsening renal function
(defined as an increase in serum creatinine of >0.5 mg/dL AND worsening
of the eGFR by at least 25%)] were applied from the PARAGLIDE-HF trial
and harmonized between both trials. Mortality outcomes (all-cause and car-
diovascular) were additionally examined for safety. Unknown or undeter-
mined death was considered non-cardiovascular death in both trials.

Statistical analysis

All pooled effect sizes are reported as point estimates with accompanying
95% confidence intervals (Cl). Total (first and recurrent) cardiovascular
endpoints were analysed using the Lin-Wei-Yang-Ying model proportional
rates model,'® stratified by trial, region, and setting of randomization
(in-hospital vs. out-of-hospital) with robust variance estimates. Renal and
mortality outcomes were analysed as time-to-first events using Cox pro-
portional hazard models applying the same stratification variables.
Proportional hazards assumptions of the Cox proportional hazards models
were tested on the basis of Schoenfeld residuals, and no significant viola-
tions of this assumption were identified (P > 0.20 for all models). Safety out-
comes were assessed as binary events using logistic regression models
without stratification. Statistical heterogeneity in treatment effects for the
primary endpoint was assessed by each component trial and across 10 sub-
groups with interaction testing. Cumulative incidence of the primary end-
point was visualized using the Nelson—Aalen estimator, and that of the
renal composite endpoint was visualized using the Kaplan—Meier estimator.
We further identified the time to when first statistical significance was
reached for the primary endpoint; rate ratios (RR) and 95% Cl were itera-
tively estimated with truncated data at each day post-randomization.

Given different follow-up timeframes in both trials (median follow-up of
2.9 years in PARAGON-HF and 0.5 years in PARAGLIDE-HF), in pooled
analyses of the two trials, PARAGON-HF participants thus disproportion-
ately contributed to risk estimates in late follow-up. As such, a sensitivity
analysis was conducted for the primary endpoint truncating follow-up at
fixed standardized time-points (1 and 2 years). To account for potential
competing risks of non-cardiovascular death, an additional sensitivity ana-
lysis was conducted examining the endpoint of total worsening HF events
and all-cause death.

The pooled analysis, including designation of the primary and secondary
endpoints, was pre-specified in the PARAGLIDE-HF statistical analysis plan
and pre-registered with PROSPERO (CRD42023410574). The pooled ana-
lyses were conducted and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses statement."’
To ensure pooling of only high quality studies, formal assessment found a
low risk of bias in both PARAGLIDE-HF and PARAGON-HF (see
Supplementary data online, Table S2). Written informed consent was ob-
tained from each participant, and the study protocols were approved by
the ethics committees or institutional review boards at all sites in both trials.
STATA, version 16 (StataCorp, College Station, TX), was used for statistical
analyses, and two-sided P-values <0.05 were considered statistically signifi-
cant. No adjustments were made for multiple testing.

Role of the funding source

Both trials were funded by Novartis Pharmaceuticals Corporation. For this
pooled analysis, individual-participant level data access for both trials were
obtained, and data were analysed independently at Brigham and Women'’s
Hospital (Boston, MA). The first and last author drafted the manuscript and
all authors were responsible for the decision to submit.

Results

The primary pooled analysis of recent worsening HF included 1088 par-
ticipants (n=466 from PARAGLIDE-HF and n=622 who were
‘PARAGLIDE-HF-like’ in PARAGON-HF). The secondary pooled ana-
lysis included all 5262 participants from both trials.

Baseline characteristics

PARAGLIDE-HF enrolled patients exclusively in the USA and Canada
and accordingly enrolled a higher proportion of Black participants com-
pared with the PARAGLIDE-like subset of PARAGON-HF, which in-
cluded slightly older participants who were more frequently White
or Asian (see Supplementary data online, Table S3). Participants in

€202 1sNBny Gz uo 1senb Aq 8OEE L L 2/2862/LE/v/o1oIME/lueayina/wod dno-olwspede)/:sdny wouj papeojumoq


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad344#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad344#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad344#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad344#supplementary-data

Pooled analysis of PARAGLIDE-HF and PARAGON-HF

2985

PARAGLIDE-HF also had lower baseline LVEF, higher screening natri-
uretic peptide levels, worse kidney function, and higher body mass in-
dex than PARAGLIDE-like participants in PARAGON-HF. With
regard to background medical therapy, PARAGLIDE-HF participants
were less frequently treated before randomization with a RASi and
had greater use of sodium glucose cotransporter-2 inhibitors
(SGLT2i) (see Supplementary data online, Table S3). Similar differences
in baseline characteristics were observed when comparing the entire
PARAGLIDE-HF and PARAGON-HF cohorts (see Supplementary
data online, Table S4). Baseline clinical profiles and medication use
were well-balanced between study arms in both the primary pooled
analysis (Table 1) and the pooled analysis of all participants (see
Supplementary data online, Table S5).

Cardiovascular and renal outcomes

The median follow-up for the primary pooled analysis was 2.2 (25th—
75th percentiles 0.5-3.0) years, while the median follow-up for
the pooled analysis of all participants was 2.8 (25th—75th percentiles
2.4-3.4) years. In the primary pooled analysis of patients with recent
worsening HF, compared with valsartan, sacubitril/valsartan significantly
reduced total worsening HF events and cardiovascular death (event
rate 27.5 vs. 34.5 per 100 patient-years; RR 0.78; 95% CI 0.61-0.99;
P =0.042) (Figure 1 and Table 2). Sacubitril/valsartan also reduced the
PARAGON-HF primary endpoint of total HF hospitalizations and car-
diovascular death (RR 0.76; 95% Cl 0.60-0.97; P = 0.029). The absolute
risk difference in total worsening HF events and cardiovascular death
between sacubitril/valsartan and valsartan arms was 7 per 100 patient-
years suggesting one event could be prevented per 14 patients treated
for a year with sacubitril/valsartan. A significant risk reduction for the
primary endpoint was also observed in the pooled analysis including
all trial participants (event rate 14.5 vs. 16.8 per 100 patient-years;
RR 0.86; 95% CI: 0.75-0.98; P = 0.027) (Table 3). Time to first nominal
statistical significance for the primary endpoint was reached at 267 days
in follow-up in the primary pooled analysis (RR 0.72; 95% Cl 0.52—-1.00;
P=0.048) and at 9 days in the pooled analysis of all participants (RR
0.20; 95% CI 0.06-0.69; P =0.011).

Consistent risk reductions in the primary endpoint were observed
with sacubitril/valsartan vs. valsartan in both component trials included
in these pooled analyses (see Supplementary data online, Table S6).
Treatment effects in the primary pooled analysis were also consistent
across subgroups defined by demographics, comorbidities, and back-
ground HF therapies (Figure 2). In the pooled analysis of all participants,
treatment benefits were larger in those with LVEF <60% (LVEF <60%:
RR 0.78; 95% ClI 0.66-0.91; LVEF >60% 1.09; 95% Cl 0.86—1.40;
Pinteraction = 0.021; Figure 3) and in women (women: RR 0.74; 95% ClI
0.61-0.90; men: RR 0.98; 95% CI 0.82—1.18; Piyteraction = 0.039), but
there was no evidence for heterogeneity in relative treatment effects
by recent worsening HF event within 30 days (Pinteraction = 0.47).

Sacubitril/valsartan was also associated with lower rates of the renal
composite endpoint compared with valsartan in the primary pooled
analysis [6.1% vs. 8.8%; hazard ratio (HR) 0.67; 95% Cl 0.43-1.05; P
=0.080] and the pooled analysis of all participants (2.3% vs. 3.8%; HR
0.60; 95% Cl 0.44-0.83; P =0.002) (Figure 4).

Safety outcomes

In the primary pooled analysis, sacubitril/valsartan reduced risks of wor-
sening renal function (OR 0.71; 95% Cl 0.54-0.94) compared with val-
sartan (Table 2). In the pooled analysis of all participants, sacubitril/
valsartan increased risks of symptomatic hypotension compared with

valsartan [odds ratio (OR) 1.50; 95% CI 1.31-1.72], but had lower risks
of worsening renal function (OR 0.72; 95% CI 0.63-0.82) (Table 3).
Mortality did not significantly differ between study arms in either
pooled analysis.

Sensitivity analyses

With complete follow-up from both trials in the primary pooled ana-
lysis, 639 total primary events were captured. To standardize the dur-
ation of follow-up, a sensitivity analysis truncating follow-up at 2 years
yielded 509 total primary events with consistent treatment effects (RR
0.74; 95% Cl 0.56-0.97; P=10.030). Truncating follow-up further at 1
year yielded 331 total primary events and also demonstrated consistent
treatment effects (RR 0.72; 95% ClI 0.53-0.98; P = 0.036). An additional
sensitivity analysis performed to account for competing risks on non-
cardiovascular death yielded consistent findings: sacubitril/valsartan sig-
nificantly reduced the risk of total worsening HF events and all-cause
death in the primary pooled analysis (RR 0.77; 95% 0.61-0.97; P=
0.028) and in the pooled analysis of all participants (RR 0.87; 95% ClI
0.77-0.99; P =0.030).

Discussion

In  this pre-specified, participant-level pooled analysis of
PARAGLIDE-HF and PARAGON-HF, sacubitril/valsartan reduced car-
diovascular and renal events compared with valsartan among patients
with HF with mildly reduced or preserved ejection fraction who
were either enrolled in-hospital, recently hospitalized, or in ambulatory
care. These benefits appeared to accrue rapidly with statistically signifi-
cant reductions in cardiovascular events first observed within 1-2
weeks of treatment initiation. These pooled analyses affirm previous
observations of treatment heterogeneity by LVEF, such that cardiovas-
cular benefits were most apparent in patients with an LVEF below nor-
mal. In addition, sacubitril/valsartan was associated with lower rates of a
renal composite endpoint compared with valsartan. Sacubitril/valsartan
resulted in higher rates of symptomatic hypotension, but lower risks
of worsening renal function when compared with valsartan. Taken to-
gether, these pooled analyses reinforce the overall benefit of sacubitril/
valsartan in patients with HF with mildly reduced or preserved ejection
fraction, especially among those with an LVEF below normal, and irre-
spective of care setting (Structured Graphical Abstract).

The PARAGLIDE-HF trial demonstrated reductions in its primary
endpoint (change in natriuretic peptides) and identified potential
benefits on a hierarchical clinical composite but was not powered for
clinical outcomes. PARAGON-HF also suggested clinical benefits in
a broader population of patients with chronic HF, but did not meet
statistical signiﬁcance.2 As such, there might be residual uncertainties
about clinical benefit when interpreting either trial in isolation.
Pooling PARAGLIDE-HF added ~50% more total primary events to
the PARAGON-HF subset with recent worsening HF and 10% more
total primary events to the overall PARAGON-HF trial. Greater power
allowed for more precision and substantiated favourable treatment ef-
fects with sacubitril/valsartan on cardiovascular and renal outcomes
among patients with HF with mildly reduced or preserved ejection frac-
tion. Similar to treatment heterogeneity observed in PARAGON-HF
on clinical outcomes by baseline LVEF,? larger treatment effects with
sacubitril/valsartan were seen on changes in natriuretic peptides and
on a hierarchical composite outcome (analysed as a win ratio) among
individuals with LVEF <60% in PARAGLIDE-HF. Pooled analyses lend
further support that the clinical benefits of sacubitril/valsartan are
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Table 1 Baseline characteristics in the primary pooled analysis of patients with recent worsening heart failure in

PARAGLIDE-HF and PARAGON-HF

Sacubitril/valsartan Valsartan P-value
(n=541) (n=547)

Demogiphics
Age (years) 705+104 712+102 0.30
Male sex 262 (48.4) 251 (45.9) 0.40
Race 0.40

White 421 (77.8) 433 (79.2)
Black or African American 55(10.2) 59 (10.8)
Asian 52 (9.6) 49 (9.0)
Other 13 (24) 6 (1.1)
Medical history
Left ventricular ejection fraction (%) 56.6 +8.1 56.1+8.0 0.33
Left ventricular ejection fraction < 60% 389 (71.9) 412 (75.3) 0.20
Hypertension 523 (96.7) 522 (95.4) 0.29
Atrial fibrillation or flutter 299 (55.3) 327 (59.8) 0.13
Screening vital signs and laboratory measures
Systolic blood pressure (mmHg) 130.8+17.8 1317 £17.5 0.41
Heart rate (b.p.m.) 749 £ 16.1 741+152 0.41
Body mass index (kg/m?) 321+75 321+£72 0.90
eGFR (mL/min/1.73 m?) 58.5+202 59.8+208 0.30
Serum potassium (mmol/L) 44+05 44+0.5 0.90
NT-proBNP (pg/mL) 1195 (535-2252) 1138 (505-2197) 0.70
Medication use
ACEi or ARB 452 (83.5) 454 (83.0) 0.81
MRA 164 (30.3) 157 (28.7) 0.56
f-blocker 441 (81.5) 432 (79.0) 0.29
SGLT2i 31(5.7) 31 (5.7) 0.96
Loop diuretic 529 (97.8) 542 (99.1) 0.08

Presented as n (%), mean + standard deviation, or median (25th—75th percentile, as appropriate.
ACE;|, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; MRA, mineralocorticoid receptor antagonist; eGFR, estimated glomerular filtration rate; NT-proBNP,

N-terminal pro-brain natriuretic peptide; SGLT2i, sodium-glucose cotransporter-2 inhibitor.

expected to be greatest in those with an LVEF below normal. While
LVEF is a continuous biological measure, categorization adds simplicity
to its interpretation and ultimately how it is applied in clinical practice.

In-hospital optimization of medical therapy for HF is now supported
as a class | recommendation by global clinical practice guidelines."*"* In
a prior trial of patients with HF with reduced ejection fraction, sacubi-
trilivalsartan significantly reduced levels of natriuretic peptides'* and
cardiovascular events'> when implemented during hospitalization for
acute decompensated HF. The current pooled analysis of the two trials
consistently supports the early implementation of sacubitril/valsartan
after an episode of worsening HF among patients with HF with mildly
reduced or preserved ejection fraction. The pooled analysis of all par-
ticipants showed consistent relative treatment benefits of sacubitril/

valsartan irrespective of recency of worsening HF. In light of markedly
higher event rates experienced by patients early after worsening HF,
absolute benefits with sacubitril/valsartan may be expected to be espe-
cially pronounced in this setting. Indeed, in our primary pooled analysis
of those with recent worsening HF, the absolute risk difference be-
tween sacubitril/valsartan and valsartan arms was 7 per 100 patient-
years suggesting approximately one primary event could be prevented
per 14 patients treated for a year with sacubitril/valsartan.

In addition to the cardiovascular benefits, nominally lower rates of
renal composite outcomes were observed with sacubitril/valsartan in
the PARAGON-HF trial,"® but these results were outside of the formal
testing hierarchy and absolute event rates were low. PARAGLIDE-HF
enrolled a population of patients with HF after a recent worsening
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Primary Cardiovascular Endpoint in Primary Pooled

Analysis of Recent Worsening HF (n=1,088)
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Figure 1 Cumulative incidence of total heart failure hospitalizations, urgent HF visits, and cardiovascular death. The cumulative incidence of the pri-
mary endpoint by study arm in both pooled analyses was visualized using the Nelson—Aalen estimator. Treatment effects of sacubitril/valsartan vs. val-
sartan are summarized as rate ratios with accompanying 95% confidence intervals. HF, heart failure; py, patient-years.

HF event with lower baseline eGFR; these patients faced high near-term
risks for kidney disease progression. The pooled analysis examined a
pre-specified renal composite endpoint, inclusive of >50% eGFR de-
cline, end-stage renal disease, or renal death. A substantial and

meaningful decline in eGFR from baseline has been closely linked
with the subsequent development of kidney failure, and is considered
a valid surrogate endpoint in regulatory decision-making in clinical trials
of kidney disease progression.'” In the pooled analyses, sacubitril/
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Table 2 Efficacy and safety outcomes in the primary pooled analysis of patients with recent worsening heart failure in

PARAGLIDE-HF and PARAGON-HF

Sacubitril/valsartan (n = 541)

Valsartan (n = 547)

Event rate per
100 py (95% CI)

Events
CV outcomes
Total HF hospitalizations, urgent HF 281
visits, and CV death
Total HF hospitalizations and CV death 259
Renal outcomes
>50% decline in eGFR, ESRD, or renal death 33

Safety outcomes
Symptomatic hypotension 113 (20.9%)
Hyperkalemia 100 (18.5%)
Worsening renal function 113 (20.9%)
Mortality outcomes

67

48

All-cause death

CV death

Event rate per Events
100 py (95% CI)
27.5 (224-34.0) 358
25.4 (20.8-31.2) 335
33 (2.3-4.6) 48
92 (16.8%)
99 (18.1%)
148 (27.1%)
6.5 (5.1-8.3) 88
4.7 (3.5-6.2) 61

34.5 (29.4-40.8)

325 (27.5-38.6)

48 (36-6.3)

8.5 (6.9-10.4)
5.9 (4.6-7.6)

Effect Estimate P-value
(95% ClI)
Rate ratio
0.78 (0.61-0.99) 0.042
0.76 (0.60-0.97) 0.029
Hazard ratio
0.67 (0.43-1.05) 0.080
Odds ratio
1.31 (0.96-1.77) 0.09
1.03 (0.75-1.40) 0.87
0.71 (0.54-0.94) 0.017
Hazard ratio
0.77 (0.56-1.06) 0.1
0.81 (0.55-1.18) 0.26

Total (first and recurrent) CV endpoints were analysed using the proportional rates model (LWYY), stratified by trial, region, and setting of randomization with robust variance estimate.
Renal and mortality outcomes were analysed as time-to-first events using Cox’s proportional hazard model with the same stratification variables.
Safety outcomes were assessed as binary events using logistic regression models. Hyperkalemia was defined as potassium >5.5 mEq/L. Worsening renal function as an adverse event was

defined as an increase in serum creatinine of >0.5 mg/dL and worsening

of the eGFR by at least 25%.

Cl, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; HF, heart failure; py, patient-years.

Table 3 Efficacy and safety outcomes in the pooled analysis of all participants randomized in PARAGLIDE-HF and

Effect Estimate P-value
(95% CI)

PARAGON-HF
Sacubitril/valsartan Valsartan (n =2622)
(n =2640)
Events Eventrateper Events Event rate per
100 py (95% CI) 100 py (95% ClI)
. Cv OUtcomes ....................................................................................................................................................................
Total HF hospitalizations, urgent HF visits, and CV death 1028 14.5 (13.1-16.0) 1181 16.8 (15.2-18.5)
Total HF hospitalizations and CV death 975 13.7 (12.5-15.1) 1108 15.7 (14.3-17.4)
Renal outcomes
>50% decline in eGFR, ESRD, or renal death 60 0.8 (0.7-1.1) 99 14 (1.2-1.7)
Safety outcomes
Symptomatic hypotension 618 (23.4%) 443 (16.9%)
Hyperkalemia 361 (13.7%) 404 (15.4%)
Worsening renal function 480 (18.2%) 619 (23.6%)
Mortality outcomes
All-cause death 359 5.0 (4.6-5.6) 375 5.3 (4.8-5.9)
CV death 214 3.0 (26-3.4) 230 3.3 (29-37)

Rate ratio
0.86 (0.75-0.98)  0.027
0.87 (0.76-0.99)  0.040
Hazard ratio
0.60 (0.44-0.83)  0.002
Odds ratio
1.50 (1.31-1.72)  <0.001
0.87 (0.75-1.01)  0.07
0.72 (0.63-0.82) <0.001
Hazard ratio
0.95 (0.82-1.10)  0.49
093 (0.77-1.12) 042

Total (first and recurrent) CV endpoints were analysed using the proportional rates model (LWYY), stratified by trial, region, and setting of randomization with robust variance estimate.
Renal and mortality outcomes were analysed as time-to-first events using Cox’s proportional hazard model with the same stratification variables.
Safety outcomes were assessed as binary events using logistic regression models. Hyperkalemia was defined as potassium >5.5 mEg/L. Worsening renal function as an adverse event was

defined as increase in serum creatinine of >0.5 mg/dL and worsening of

the eGFR by at least 25%.

Cl, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; HF, heart failure; py, patient-years.
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Sacubitril/valsartan Valsartan

Age Group

Age <65 52 events 74 evenls

Age >= 65 229 events 284 evenls
Sex

Male 140 events 147 events

Female 141 evenis 211 evenis
Race

Asian 32 events 25 events

Black 24 events 39 evenis

Other 5 events 4 evenls

White 220 events 290 evenis
LVEF Group

LVEF > 60 104 events 79 events

LVEF <= 60 177 evenis 279 evenis
eGFR Group

eGFR <60 171 events 227 evenls

eGFR >= 60 110 events 131 evenis
History of AFF

No History of AFF 128 events 149 evenls

Hislory of AFF 153 events 209 evenis
BMI Group

BMI <30 98 events 140 evenls

BMi >= 30 183 events 218 evenis
ACEI/ARB use

No ACEI/ARB use 41 events 60 events

ACEI/ARB use 240 events 298 evenls
MRA use

No MRA use 189 events 247 evenls

MRA use 92 events 111 evenis
Bela-blocker use

No BB use 54 events 73 events

BB use 227 events 285 evenls

|
- 0.72 (0.43, 1.19)
— 0.81(0.62, 1.06) p=059
1
f—y 0.89 (0.62, 1.29)
—l 0.67 (0.49, 0/33) p=025
|
—— 1.45 (0,68, 3.08)
—t ——|  jpisim eeow
.60 ( , 2.31)
' — ! 0.75 (0,58, 0.98)
|
P 1,04 (0.67, 1.62)
I——I| 0.70 (0.51, 0.95) p=021
:Li 0.76 {0.56, 1.03)
I 0.81(0.54, 1.22) p=086
[ — 0.78(0.53, 1.16)
— 0.75 (0.55, 1.02) p=087
|
I—|__—_L| 0.72(0.50, 1.09)
I 0.82 (0.60, 1.14) p=051
S — 0.82 (0.48, 1.38)
—_ 0.76 (0.58, 1.00) p=085
|
0.74 {0.55, 1.00)
0.81(0.54, 1.20) p=063
|
—_ 0.90 (0.53, 1.52
— 0.74 (0.56, 0:38) p=043
Favors Sacubitril'valsartan - Favors Valsartan
T T T 1 T T
2 5 J51 152 3
Rate Ratio (95% CI)

Figure 2 Treatment effects on primary endpoint across key subgroups in the primary pooled analysis of patients with recent worsening heart failure in
PARAGLIDE-HF and PARAGON-HF. Treatment effects of sacubitril/valsartan vs. valsartan for the primary endpoint (total worsening heart failure
events and cardiovascular death) are summarized as rate ratios with accompanying 95% confidence intervals. ACEi, angiotensin converting enzyme
inhibitor; AFF, atrial fibrillation or flutter; ARB, angiotensin receptor blocker; BB, beta-blocker; BMI, body mass index; Cl, confidence interval; eGFR,
estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist.

Primary Pooled Analysis Total # of Events
(n=1,088) Sac/Val Val Rate Ratio  95% CI
Patients in PARAGLIDE-HF and 281 358 ——— 0.78  0.61-0.99 P=0.042
PARAGON-HF with Recent Worsening HF
LVEF<60% 177 279 ———e—— 070  0.51-0.95
Plnremc!.'en=a~215
LVEF>60% 104 79 ———@—— 1.04  0.67-1.62
. 1 2
~ Favors Sac/Val Favors Val
Pooled Analysis of All Total # of Events
Participants (n=5,262) Sac/Val val Rate Ratio 95% CI
All Patients in PARAGLIDE-HF and 1028 181 bt 0.85  0.75-0.98 P=0.027
PARAGON-HF :
LVEF<60% 703 891 —e— 0.78  0.66-0.91
P imem:mm=a-021
LVEF>60% 325 290 o 4 1.09  0.86-1.40
015 1 2
5 Favors Sac/Val Favors Val

Figure 3 Treatment effect of sacubitril/valsartan vs. valsartan on the primary endpoint by left ventricular ejection fraction. Cl, confidence interval;

LVEF, left ventricular ejection fraction.

valsartan resulted in approximately a 40% lower risk of this renal com-
posite endpoint supporting the nephroprotective effects of sacubitril/
valsartan compared with RASi in HF. In contrast, improvements in
this renal composite endpoint were either not observed or less

apparent in previous placebo-controlled trials of RASi,"®% mineralo-

corticoid receptor antagonists,>' and SGLT2i**?® in patients with HF
with mildly reduced or preserved ejection fraction. It is also important
to note that sacubitril/valsartan demonstrated these renal benefits

€202 1sNBny Gz uo 1senb Aq 8OEE L L 2/2862/LE/v/o1oIME/lueayina/wod dno-olwspede)/:sdny wouj papeojumoq



2990

Vaduganathan et al.

Cumulative Incidence

Cumulative Incidence

Composite Renal Endpoint in Primary Pooled Analysis
of Recent Worsening HF (n=1,088)

0.101 Valsartan
0.08
0.06 -
{ Sacubitril/Valsartan
004 3.3 (2.3-4.6)
per 100py

0.02
0.00- T T T T T

0 5 1 15 2

Years Since Randomization

Composite Renal Endpoint in Pooled Analysis of All
PARAGLIDE-HF and PARAGON-HF Participants (n=5,262)

9957 4R 0.60 (0.44-0.83) P=0.002
0.04
0.08 Valsartan
1.4 (1.2-1.7)
e per 100 py
0,017 Sacubitril/Valsartan
0.8 (0.7-1.1)

— per 100py

0 5 1 1.5 2

Years Since Randomization

Figure 4 Cumulative incidence of the composite renal endpoint. The cumulative incidence of the composite renal endpoint (time to first occurrence
of >50% decline in estimated glomerular filtration rate, end-stage renal disease, or renal death) was visualized using the Kaplan—Meier estimator-.
Treatment effects of sacubitril/valsartan vs. valsartan are summarized as hazard ratios with accompanying 95% confidence intervals. HR, hazard ratios;

HF, heart failure.
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against an active comparator of RASi, which is known to be nephropro-
tective in other clinical settings such as diabetic kidney disease. The low-
er risks of worsening renal function (as an adverse event) may also
facilitate the implementation of this therapy, even among patients after
a worsening HF event who face high risks of renal events.

The pooled experience also more comprehensively summarizes the
expected safety of use of sacubitril/valsartan in clinical practice.
PARAGON-HF enrolled a selected population of participants who
had to tolerate half-target doses of both valsartan and sacubitril/valsar-
tan before randomization. PARAGLIDE-HF in contrast did not have a
pre-randomization run-in period and enrolled higher risk, less selected
participants, many of whom had no prior exposure to RASi.
Furthermore, as a function of less stringent eligibility criteria,
PARAGLIDE-HF enrolled patients with a higher burden of certain co-
morbidities (such as obesity and chronic kidney disease). Based on data
from this pooled experience of patients with broad clinical risk profiles,
clinical implementation of sacubitril/valsartan should be accompanied
by heightened vigilance for potential adverse effects, namely symptom-
atic hypotension. Alteration of concomitant diuretics or other blood
pressure lowering therapies and provision of anticipatory behavioural
guidance may attenuate these risks.

Based on the results of PARAGON-HF, sacubitril/valsartan re-
ceived indications for use in patients with HF with mildly reduced
ejection fraction and select patients with preserved ejection fraction
in the USA and multiple other countries. In addition, current US HF
guidelines recommend consideration of sacubitril/valsartan in select
patients with HF with mildly reduced or preserved ejection fraction
(class 11b)."? In contrast, recent European Society of Cardiology HF
guidelines do not provide specific recommendations for its use in
those with HF with preserved ejection fraction."® In those countries
where sacubitril/valsartan has been approved for use in chronic HF at
higher LVEF, initial uptake has been variable.** These mixed guideline
recommendations and variable clinical practice patterns may reflect
residual uncertainties about the role of sacubitril/valsartan in HF
with mildly reduced or preserved ejection fraction. These pooled ana-
lyses may bolster the confidence in cardiovascular and renal event re-
duction with sacubitril/valsartan in patients with HF with mildly
reduced or preserved ejection fraction, particularly in those with
LVEF below normal.

Strengths and limitations

These pre-specified pooled analyses strengthened by
participant-level data access to both component trials that allowed
for the harmonization of endpoint and subgroup definitions.
Furthermore, endpoints were adjudicated in a similarly rigorous stan-
dardized manner by the same clinical endpoints committee in both
trials. Nevertheless, several limitations are noteworthy. First, although
PARAGON-HF and PARAGLIDE-HF were similar in many respects,
these trials differed in other aspects, including duration of follow-up.
Sensitivity analysis, however, truncating follow-up at standardized earl-
ier timepoints yielded consistent treatment benefits. Second, the
pooled analyses focused on cardiovascular and renal endpoints; patient-
reported City Cardiomyopathy
Questionnaire were not collected in PARAGLIDE-HF to allow pooling.
Third, while renal death as a component of the renal composite end-
point was specifically adjudicated in PARAGON-HF, we relied on
investigator-reported information in PARAGLIDE-HF. Finally, relatively
few patients in either trial were treated with an SGLT2i at baseline,
which is now recommended in this population.12

were

outcomes such as Kansas

Conclusions

These pre-specified pooled analyses of PARAGLIDE-HF and
PARAGON-HF including over 5000 participants worldwide strengthen
the current evidence base supporting the use of sacubitril/valsartan in
patients with HF with mildly reduced or preserved ejection fraction, es-
pecially among those with an LVEF below normal, and irrespective of
care setting.
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