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ABSTRACT

Aims

Patients with heart failure are at higher risk of progression to end-stage renal disease (ESRD),
regardless of ejection fraction (EF). We assessed the renal effects of angiotensin/neprilysin
inhibition in a pooled anlaysis of 13,195 patients with heart failure with reduced and preserved

EF.

Methods and Results

We combined data from PARADIGM-HF (LVEF <40%; n=8,399) and PARAGON-HF (LVEF >45%;
n=4,796) in a prespecified pooled analysis. @ We assessed the effect of treatment
(sacubitril/valsartan vs. enalapril or valsartan) on a composite of either 250% reduction in eGFR,
ESRD, or death from renal causes, in addition to changes in eGFR slope. We assessed whether
baseline renal function ;-diabetes-or EF modified the effect of therapy on renal outcomes.

At randomization, eGFR was 68+20 ml/min/1.73m? in PARADIGM-HF and 63+19
ml/min/1.73m? in PARAGON-HF. The composite renal outcome occurred in 70 of 6594 patients
(1.1%) in the sacubitril/valsartan group and 123 of 6601 patients (1.9%) in the valsartan or
enalapril group (HR 0.56, 95%Cl 0.42-0.75; P<0.001). The mean eGFR change was -1.8 (95%CI -
1.9 to -1.7) ml/min/1.73m?/year for the sacubitril/valsartan group, compared with -2.4 (95%ClI -
2.5 to0 -2.2) ml/min/1.73m?/year for the valsartan or enalapril group. The treatment effect on the
composite renal endpoint was not modified by categories of baseline eGFR (P-interaction=0.64),

but was most pronounced in those with baseline EF between 30-60% (P-interaction=0.001).

Conclusions



In patients with heart failure, sacubitril/valsartan reduced the risk of serious adverse renal
outcomes, and slowed decline in eGFR, compared with valsartan or enalapril, independent of

baseline renal function.

Keywords: Heart Failure, Chronic Kidney Disease, Renal Outcomes
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INTRODUCTION

Chronic kidney disease (CKD) is estimated to affect up to 50% of patients with heart failure, across
the spectrum of ejection fraction, and is associated with a two-fold higher risk of mortality,
compared with not having CKD.(1) Furthermore, patients with heart failure have an almost three-
fold higher risk of rapid decline in estimated glomerular filtration rate (eGFR; >5 mL/min/1.73 m?
per year), compared to those without heart failure,(2) and faster eGFR decline is independently
associated with development of end-stage renal disease and death. (3, 4)

Pharmacological inhibition of neurohormonal pathways, such the renin-angiotensin
system (RAS), have been a mainstay of therapeutic strategies for heart failure. However, post-
hoc analyses of randomized trials have reported an acute and sustained decline in eGFR with the
use of ACE-I (5, 6) or mineralocorticoid receptor antagonists (MRAs),(7, 8) in patients with heart
failure with reduced ejection fraction (HFrEF), compared with placebo. In patients with heart
failure and preserved ejection fraction (HFpEF), no renal benefits were observed with
mineralocorticoid receptor antagonists (MRAs),(9) while there appeared to be accelerated decline
with RAS inhibition, compared with placebo.(10, 11)

In contrast, we have reported beneficial renal effects of combined angiotensin-neprilysin
inhibition (vs. RAS inhibition alone), in terms of slowing of the decline in eGFR in post-hoc analyses
of trials with HFrEF and HFpEF.(12, 13) To maximize the power to understand the effect of
sacubitril/valsartan on ‘hard’ renal outcomes in heart failure (250% decline in eGFR, end-stage
renal disease, death from renal causes), and to explore for differential treatment effects according
to ejection fraction, we report the results of analyses from prespecified pooling of data from the

PARADIGM-HF and PARAGON-HF trials.



METHODS

Data Sharing

The sponsor of this trial is committed to sharing access to patient-level data and supporting
clinical documents from eligible studies with qualified external researchers. These requests are
reviewed and approved by an independent review panel based on scientific merit. All data
provided is anonymized to respect the privacy of patients who have participated in the trial in line
with applicable laws and regulations. The trial data availability is according to the criteria and

process described.(14)

Trial design and oversight

The design and methods of the PARAGON-HF trial and PARADIGM-HF trials have been described
previously.(15, 16) Local ethics committees approved the trials and all patients provided written,
informed consent. The respective executive committees designed and oversaw the conduct of
the trials and data analysis in collaboration with the sponsor, Novartis. Both trials were reviewed
by independent data and safety monitoring committees. These analyses were performed
independently of the sponsor by the academic steering committees and an independent academic
statistician. The first author wrote the first draft of the present manuscript. All authors submitted

revisions and made the collective decision to submit the present manuscript for publication.

Study Patients

PARADIGM-HF (n=8,399) and PARAGON-HF (n=4,796) were both randomized, double-blind,
active comparator trials of patients with symptomatic heart failure and elevated natriuretic
peptide concentrations, which compared sacubitril/valsartan to a RAS inhibitor (enalapril or

valsartan, respectively). PARADIGM-HF enrolled patients aged >18 years with left ventricular



ejection fraction <40%, while PARAGON-HF included patients aged >50 years, with left ventricular
ejection fraction 245% by echocardiography and features of structural heart disease (left
ventricular hypertrophy and/or left atrial enlargement). Exclusion criteria were similar in both
studies and included: symptomatic hypotension (or a systolic blood pressure <110 mm Hg at
screening or <100 mm Hg at random treatment assignment); an eGFR of <30 ml/min/1.73 m? at
screening or <25 ml/min/1.73 m? at randomization, or a decrease >35% in eGFR between
screening and randomization; and hyperkalemia (serum potassium >5.2 mmol/| at screening or

>5.4 mmol/l at random treatment assignment).

Definition of Outcomes

The primary renal outcome for PARADIGM-HF was defined as 250% decline in eGFR or a decrease
in the eGFR of >30 ml per minute per 1.73 m?, to <60 ml per minute per 1.73 m?. For the purpose
of these pooled analyses, the renal composite from PARAGON-HF was considered, defined as
either: 1) 250% decline in eGFR relative to baseline; 2) development of end-stage renal disease;
or 3) death due to renal causes (Supplementary Table 1). We conducted additional analyses to
examine for the effect of sacubitril/valsartan (versus valsartan or enalapril) on the individual
components of the pooled renal composite endpoint. In addition, we examined for a differential
effect of sacubitril/valsartan on the composite renal outcome according to the baseline eGFR
(eGFR at randomization, modeled as a continuous and a categorical variable), presence of
diabetes, and ejection fraction. Ejection fraction was considered as both a continuous and a
categorical variable; categories of <30%, 31-59%, >60% were chosen based on data distribution).
Further analyses were performed to determine if sacubitril/valsartan resulted in a slower rate of

decline in eGFR, compared with valsartan or enalapril. For these analyses, the eGFR was



calculated using the Chronic Kidney Disease Epidemiology Collaboration equation, using data

from randomization, 4, 16, 32, 48, 96 and 144 weeks.

Statistical Analyses

We report data as mean (+SD) when normally distributed, as median (25"-75" percentile) when
non-normally distributed, and as frequencies and percentages for categorical variables. We used
the Student t-test, Wilcoxon Rank Sum, or chi-square tests to determine differences between
baseline variables for patients by categories of baseline eGFR and parent study, according to data
distribution.

We used an intention-to-treat approach to perform all analyses. For the renal composite
endpoint we used Cox proportional hazard models to estimate hazard ratios (HRs) with 95% Cls,
stratified according to geographic region and study (PARAGON-HF or PARADIGM-HF). We tested
for interactions between the treatment effect of sacubitril/valsartan and baseline eGFR and
ejection fraction on the renal outcomes via the calculation of interaction terms. Additional
interaction terms were created to explore for effect modification according to age, sex, diabetes,
ischemic etiology of HF, baseline use of loop diuretic, or baseline use of a mineralocorticoid
receptor antagonist (MRA). Further assessment of effect modification of sacubitril/valsartan on
the renal composite outcome as a continuous function of baseline eGFR and ejection fraction was
assessed using restricted cubic splines. Data from patients who did not have an event were
censored on the last day they were known to be free of the outcome.

We assessed for changes in eGFR over time with repeated measures mixed effect models,
using available data from randomization, 4, 16, 32, 48, 96 and 144 weeks. We adjusted for
treatment assignment, trial visit, and the interaction between treatment assignment and visit.
Intercepts and slopes over time were allowed to vary randomly between patients by inclusion of

patient and time as random effects.



All analyses were performed at the nominal alpha level of 0.05 without correction for
multiple hypothesis testing. Statistical analyses were performed using STATA (version 16.0, Stata

Corp., College Station, Texas).
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RESULTS

Patients

At baseline, the ejection fraction ranged from 5 to 89% (pooled mean was 40 +15; 58 8 in
PARAGON-HF and 29 6 in PARADIGM-HF). At baseline, the mean eGFR was 66 +20 ml/min/1.73
m? (63 £19 in PARAGON-HF and 68 +20 in PARADIGM-HF). Comparisons of patient characteristics
according to categories of baseline ejection fraction and eGFR are presented in Table 1 and
Supplementary Table 2, respectively. Comparisons according to the parent study are reported in

Supplementary Table 3.

Composite and Individual Renal Outcomes

The composite renal outcome occurred in 70 of the 6594 patients (1.1%) in the
sacubitril/valsartan group and 123 of the 6601 patients (1.9%) in the RAS inhibitor group, with a
relative risk reduction of 44% (HR 0.56, 95%Cl 0.42-0.75, P<0.001; Figure 1). The overall incidence
of the composite renal outcome according to the baseline ejection fraction is displayed in
Supplementary Figure 1. The treatment effect according to baseline ejection fraction appeared to
be non-linear (P-interaction=0.35 for continuous EF and P-interaction=0.001 for categories of EF;
Figure 2), and was most pronounced for those with baseline EF between 30-60%. There was no
evidence of effect modification of the treatment effect according to baseline eGFR (P-
interaction=0.50 for continuous eGFR and P-interaction=0.64 for categories of eGFR; Figure 3).
There was no evidence for effect modification according to age, sex, diabetes, ischemic etiology
of HF, baseline use of loop diuretic, or baseline use of MRA (P-interaction >0.30 for all).

The individual component of 250% reduction in eGFR from baseline occurred in 59 of the
6594 patients (0.9%) in the sacubitril/valsartan group and 102 of the 6601 patients (1.5%) of the

RAS inhibitor group (HR 0.57, 95%Cl 0.41-0.78). The development of ESRD occurred in 15 of 6594
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patients (0.2%) in the sacubitril/valsartan group and in 28 of 6601 patients (0.4%) in the RAS
inhibitor group (HR 0.52, 95%Cl 0.28-0.98). There were 2 deaths from renal disease in PARAGON-
HF (one in each randomized treatment arm) and 2 deaths from renal disease in PARADIGM-HF

(one in each randomized treatment arm; Table 2).

Renal Function over Time

From randomization through the end of study, the mean decline in eGFR was -1.8 (95%CI -1.9 to
-1.7) ml/min/1.73 m? per year for the sacubitril/valsartan group, compared with -2.4 (95%Cl -2.5
to-2.2) ml/min/1.73 m? per year for the RAS inhibitor group, with an adjusted mean difference of
0.6 (95%Cl 0.4 to 0.7; P<0.001) ml/min/1.73 m? per year (Fig. 4). There was no evidence for effect
modification according to baseline ejection fraction, other variables examined (P-interaction >0.1

for all; Supplementary Figure 2).
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DISCUSSION

In a pooled analysis of patients with HFrEF and HFpEF from the PARADIGM-HF and PARAGON-HF
trials, sacubitril/valsartan resulted in a lower frequency of the renal composite outcome and
slowed the decline in eGFR, compared with RAS inhibitor comparators.

RAS inhibition is known to slow kidney function decline for patients with type 2 diabetes
mellitus and proteinuric kidney disease, compared with placebo.(17-19) However, acute and
sustained declines in eGFR have been observed in post-hoc analyses of trials of RAS inhibitors and
MRAs in patients with HFrEF.(5—-8) Moreover, post-hoc analyses of individuals with HFpEF from
the CHARM programme(10) and I|-Preserve studies(11) have reported an accelerated decline in
renal function with the use of angiotensin receptor blockers (ARBs), compared with placebo,
suggesting that the pathophysiology of renal dysfunction in heart failure may be different to that
observed in patients with CKD and T2DM.(20)

In addition to providing RAS inhibition, combined angiotensin-neprilysin inhibitors
simultaneously augment the endogenous natriuretic peptide system, with early studies of
omapatrilat reporting fewer adverse renal impairment events, compared with enalapril, in
patients with HFrEF.(21) In a post-hoc analysis of patients with HFrEF in PARADIGM-HF, although
the effect of sacubitril/valsartan on the prespecified renal composite endpoint did not meet
statistical significance (end-stage renal disease, or decrease in eGFR of >50%, or a decrease of
more than 30 ml/min/1.73 m? from randomization to less than 60 ml/min/1.73 m?), we previously
reported that sacubitril/valsartan resulted in a slower decline in eGFR (difference of 0.4
mL/min/1.73 m? per year), compared with enalapril.(12) Renal benefits were also observed in
patients with HFpEF from PARAGON-HF, where sacubitril/valsartan reduced the risk of the pre-
specified renal composite (ESRD, decrease in eGFR of 250%, or death from renal causes) by 50%,

compared with valsartan (HR 0.50, 95%Cl 0.33-0.77). Furthermore, sacubitril/valsartan resulted
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in a slower decline in eGFR (1.8 vs. 2.4 mL/min/1.73 m? per year) in PARAGON-HF, independent
of the baseline eGFR.(13) In the present pooled analyses, the renal benefits of sacubitril/valsartan
were consistent in both the time to event analyses (with 193 total renal composite events) and
the analyses of eGFR slope, providing some modicum of reassurance of the robustness of our
findings. The difference in slope of 0.6 mL/min/1.73 m? per year falls within ranges that are felt
to be predictive of a lower risk of ESKD.(22)

Our present pooled analyses also extend the knowledge regarding the renal benefits of
sacubitril/valsartan across the spectrum of ejection fraction. While the mortality benefits of
sacubitril/valsartan are most apparent at lower EF (40% in PARADIGM-HF),(23) the renal benefits
were most apparent in patients with baseline EF between 30-60%, with fewer composite events
(and wider confidence intervals) to either side of this EF range. Similar patterns were noted for
differences in eGFR slope according to categories of baseline EF, although it should be noted that
evidence for statistical interaction was not found. Differences in demographics and comorbid
disease burden exist among patients across the spectrum of EF, and some have postulated a
greater contribution of systemic inflammation, among other factors, in the pathogenesis of
HFpEF, compared with HFrEF.(24) Whether such factors contribute to the differences in the
etiology of renal impairment and response to angiotensin-neprilysin inhibition is unclear.

On the other hand, the treatment effect on renal outcomes in our pooled analyses were
independent of the baseline eGFR. In this respect, our results are in contrast to the lack of benefit
on renal function decline with sacubitril/valsartan in patients with CKD in the HARP-III study,
compared with irbesartan.(25) Of note, the HARP-III study included a much smaller group of
patients (n=414) with heterogenous etiologies of CKD, lower baseline GFR (mean 35 mL/min/1.73
m?), higher levels of proteinuria, and a very low prevalence of self-reported heart failure and

diuretic use. These differences, and the shorter duration of follow up (one year), likely
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contributed to the discrepant findings, compared with our results. Further studies of
sacubitril/valsartan at lower levels of kidney function (eGFR < 30 ml/min/1.73m?) in patients with
HF are needed.

The mechanism of renal benefit with neprilysin inhibitors in patients with heart failure
has not been fully elucidated, though several theories have been postulated. These include
downstream effects of neprilysin inhibition to increase intracellular cyclic GMP, which acts
through several potential pathways to counteract the constrictive effects of tubuloglomerular
feedback on the afferent arteriole.(26, 27) The in vivo contribution of this mechanism in the
setting of maintenance loop diuretic use, which also inhibits tubuloglomerular feedback,(28)
requires further elucidation. Other potential benefits of sacubitril/valsartan include the
attenuation of inflammation and fibrosis in the kidney.(29, 30)

Our pooled analyses should also be contextualized with results from heart failure trials
using sodium-glucose cotransporter 2 (SGLT2) inhibitors. In the DAPA-HF trial (mean eGFR 66
mL/min/1.73 m?) the use of dapagliflozin, compared with placebo, did not result in a significantly
lower risk of the composite renal outcome in patients with HFrEF (HR 0.71; 95%Cl 0.44 to 1.16),
although there were relatively few renal composite events overall and a relatively short trial
duration.(31) In the EMPEROR-Reduced trial (mean eGFR 62 mL/min/1.73 m?), empagliflozin
resulted in a 50% lower risk of the composite renal endpoint in patients with HFrEF (HR 0.50;
95%Cl 0.32 to 0.77) and slowed the decline in eGFR, compared with placebo (0.6 mL/min/1.73 m?
per year vs. 2.3 mL/min/1.73 m? per year). Although the renal composite definitions differed
slightly, we noted a similar magnitude of risk reduction with sacubitril-valsartan vs. RAS inhibitors
in our pooled analyses (HR 0.56, 95%Cl 0.42-0.75), but the effect on attenuating the eGFR slope

was not as pronounced (1.8 mL/min/1.73 m? per year vs. 2.4 mL/min/1.73 m? per year).
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So, why would the risk reduction on a renal composite outcome be similar, but the effect
on attenuation of eGFR slope be greater with SGLT2 inhibition, compared with
sacubitril/valsartan? Part of the explanation may be related to the fact that calculation of eGFR
slope in the SGLT2 inhibitor trials excluded the initial weeks of treatment, where an acute decline
in eGFR is typically observed. The use of post-randomization values for the baseline eGFR acts to
flatten the subsequent slope, resulting in a larger treatment effect. The observed discordance of
treatment effects on the reported eGFR slope and renal outcomes in trials with
sacubitril/valsartan and SGLT2 inhibitors raises important concerns when trying to compare and
interpret eGFR slope as a surrogate for hard renal endpoints.

The recent publication of EMPEROR-Preserved (mean eGFR 61 mL/min/1.73 m?)
highlights further complexities with renal outcomes in heart failure trials. While empagliflozin
slowed the decline in eGFR, compared with placebo in HF patients with EF >40% (—1.25 vs. —2.62
mL/min/ 1.73 m? per year), there was no significant difference in the predefined renal composite
of 240% decline in eGFR (HR 0.95, 95%Cl 0.73-1.24).(32, 33) Furthermore, in post-hoc analyses,
differential evidence for effect modification according to EF appeared to be dependent on the
threshold of eGFR decline that was considered for the time-to-event analyses.(34) Potential
factors that may partially explain such discrepancies have been outlined before, including acute
negative effects of treatment on GFR, and the potential for proportional treatment effects on
eGFR decline (i.e., a larger attenuation of faster declines than slower declines). (22, 35, 36) Such
factors will be important to explore in detail in relation to future trial design and kidney outcome
definitions in patients with heart failure.(37)

There are some limitations to the present analyses. Although pooling of the data was
prespecified prior to unblinding of PARAGON-HF, the adoption of a common definition for the

composite renal outcome was utilized for comparative purposes. Both PARAGON-HF and
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PARADIGM-HF excluded patients with more advanced kidney disease (eGFR <30 ml/min/1.73 m?)
and had relatively low enrollment of Blacks, limiting generalizability to these populations. Per the
design of the original trials, there is limited data in patients with baseline EF in the 41-44% range.

In summary, in patients with heart failure enrolled in the PARADIGM-HF and PARAGON-
HF trials, treatment with sacubitril/valsartan resulted in improved renal outcomes and slower
decline in eGFR, compared with enalapril or valsartan. Combined angiotensin-neprilysin
inhibition represents an important therapeutic intervention with renal benefits in patients with
heart failure, though future studies are needed to evaluate this therapy in patients with HF and

more advanced kidney disease (eGFR <30 mL/min/1.73m?3).
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Table 1. Characteristics of the Patients at Baseline, According to Categories of Left Ventricular Ejection Fraction.

Characteristic EF <30% EF 31-59% EF260% P
(N=4,515) (N=6,609) (N=2,070)

Age, yrs 6212 68 +10 74+ 8 <0.001
Female, no. (%) 902 (20) 2145 (32) 1264 (61) <0.001
Race, no. (%) <0.001

White 2664 (59) 5139 (78) 1648 (80)

Black 288 (6) 189 (3) 53 (3)

Asian 975 (22) 853 (13) 287 (14)

Other 588 (13) 428 (6) 82 (4)
Geographic Region, no. (%) <0.001

North America 431 (10) 428 (7) 292 (14)

Latin America 874 (19) 746 (11) 183 (9)

Western Europe 1135 (25) 1666 (25) 640 (31)

Central Europe 1114 (25) 2828 (43) 599 (29)

Asia-Pacific or other 961 (21) 931 (14) 356 (17)
Systolic blood pressure, mmHg 119+ 15 127 £ 16 130+ 16 <0.001
Heart rate, beats/min 73+12 72 +12 70+ 12 <0.001
Body-mass index* 27.6+5.4 29.4+5.4 30.3+5.0 <0.001
Serum creatinine, mg/dL ° 1.1+0.3 1.1+0.3 1.1+0.3 <0.001
eGFR,” mL/min/1.73 m? 68 + 20 66 + 20 61+ 19 <0.001
Clinical features of heart failure
Ischemic Cause, no. (%) 2569 (57) 3643 (55) 546 (26) <0.001
Left ventricular ejection fraction, % 25.0+4.7 41.8+9.1 64.9+5.2 <0.001
Median NT-proBNP (25"-75% 1815 [980,

. 1225 [682,2216] | 769 [421, 1476] | <0.001

percentile), pg/mL 3735]
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NYHA Classification, no. (%)

<0.001

| 256 (6) 203 (3) 67 (3)

I 3245 (72) 4759 (72) 1620 (78)

]| 985 (22) 1590 (24) 375 (18)

v 22 (0) 50 (1) 7 (0)
Medical History, no. (%)
Hypertension 2900 (64) 5618 (85) 2005 (97) <0.001
Diabetes 1535 (34) 2573 (39) 861 (42) <0.001
Atrial fibrillation or flutter 1409 (31) 2602 (39) 632 (31) <0.001
Stroke 385 (9) 623 (9) 225 (11) 0.01
Hospitalization for heart failure 2879 (64) 3770 (57) 930 (45) <0.001
Myocardial infarction 1888 (42) 2494 (38) 335(16) <0.001
Treatment, no. (%)
Diuretic at randomization 3699 (82) 5641 (86) 1972 (95) <0.001
ACE inhibitor or ARB at screening 4505 (100) 6246 (95) 1776 (85) <0.001
Mineralocorticoid-receptor <0.001
antagonist at randomization 2680 (59) 2750 (42) 480 (23)
Beta-blocker at randomization 4200 (93) 5827 (88) 1604 (77) <0.001
Sacubitril/valsartan, n (%) 2240 (50) 3298 (50) 1056 (51) 0.56

* Plus-minus values are mean +/- SD.

# The body-mass index is the weight in kilograms divided by the square of the height in meters.

® This characteristic was measured at the randomization visit instead of the screening visit.

%

The GFR at baseline was estimated according to the four-variable Modification of Diet in Renal Disease formula.
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NYHA, New York Heart Association; BMI, Body Mass Index; ACE, Angiotensin Converting Enzyme; ARB, Angiotensin Receptor Blocker
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Table 2. Renal Outcomes

Outcome

Valsartan or
enalapril

Sacubitril/
valsartan

Treatment Effect
(95% Cl)

P-interaction

Renal Composite,
no. events/no.participants (%)

no. events/no.participants (%)

Combined 123/6601 (1.9) 70/6594 (1.1) 0.56 (0.42-0.75) 0.50
PARAGON-HF 64/2389 (2.7) 33/2407 (1.4) 0.50 (0.33-0.77)
PARADIGM-HF 59/4212 (1.4) 37/4187 (0.9) 0.62 (0.41-0.93)
>50% decline in eGFR, 0.11
no. events/no.participants (%)
Combined 102/6601 (1.5) 59/6594 (0.9) 0.57 (0.41-0.78)
PARAGON-HF 60/2389 (2.5) 27/2407 (1.1) 0.44 (0.28-0.69)
PARADIGM-HF 42/4212 (1.0) 32/4187 (0.8) 0.75 (0.48-1.19)
End-stage renal disease, 0.80

Combined

28/6601 (0.4)

15/6594 (0.2)

0.52 (0.28-0.98)

PARAGON-HF

12/2389 (0.5)

7/2407 (0.3)

0.58 (0.23-1.47)

PARADIGM-HF

16/4212 (0.4)

8/4187 (0.2)

0.49 (0.21-1.13)

P-interaction tests for effect modification according to parent study (PARAGON-HF versus PARADISE-HF).
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Figure 1. Kaplan-Meier Analysis of Composite Renal Outcome
Shown are estimates of the probability of a first occurrence of the renal composite outcome of
either a 250% reduction in eGFR relative to baseline, development of end-stage renal disease, or

death due to renal causes.
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Figure 2. Treatment effect on composite renal outcome according to baseline ejection fraction
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Figure 3. Treatment effect on composite renal outcome according to baseline eGFR
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Figure 4. Change in renal function over time

Shown are the adjusted means for the estimated glomerular filtration rate (eGFR) over a period
of 144 weeks. The | bars indicate 95% confidence intervals. The eGFR was calculated according
to the creatinine formula developed by the Chronic Kidney Disease Epidemiology Collaboration
study. This panel is based on a mixed-model, repeated measures analysis in patients who had a

baseline and post-baseline measurement.
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Supplementary Table I. Prespecified Renal Endpoint Definitions

Endpoint

Criteria

End-stage renal disease

One of the following:

a) Initiation of dialysis (e.g., hemodialysis, peritoneal dialysis, or
continuous veno-venous hemodialysis), continuing for > 30 days
without known recovery of renal function, Sites were queried to
provide evidence of continuation of dialysis for over 90 days.

b) Initiation of dialysis with death before 30 days (excludes dialysis

events associated with acute kidney injury with death before 30 days)

c) A drop in eGFR from baseline (randomization, i.e. Visit 199/201) to
a value <15 mL/min/1.73m2 on two consecutive central laboratory
measurements separated by > 30 days. This event was identified

programmatically by the sponsor

d) Occurrence of kidney transplantation
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Worsening Renal Function

Sustained reduction in estimated GFR (eGFR) by 50% from baseline
(Randomization, Visit 199/201) as determined by 2 consecutive post-
baseline central laboratory measurements separated by > 30 days.

This event was identified programmatically by the sponsor.

Death from Renal Causes

Death occurring from complications of renal failure (e.g.
hyperkalemia, uremia, acidosis) after a patient refuses or a physician
withholds renal replacement therapy (i.e. initiation of chronic dialysis
or renal transplantation) or in cases where dialysis is unavailable.

Such events were adjudicated as renal death only when another

cause of death was not adjudicated.
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Supplementary Table 2. Characteristics of the Patients at Baseline, According to Categories of Estimated Glomerular Filtration Rate (eGFR).”

Characteristic eGFR 260 eGFR 245 to <60 eGFR <45 P
ml/min/1.73m? ml/min/1.73m? ml/min/1.73m?
(N=7,792) (N=3,584) (N=1,818)

Age, yrs 64+11 70+ 10 739 <0.001
Female, no. (%) 2210 (28) 1307 (36) 794 (44) <0.001
Race, no. (%) <0.001

White 5269 (68) 2728 (76) 1454 (80)

Black 385 (5) 104 (3) 41 (2)

Asian 1432 (18) 479 (13) 204 (11)

Other 706 (9) 273 (8) 119 (7)
Geographic Region, no. (%) <0.001

North America 499 (6) 407 (11) 255 (14)

Latin America 1134 (15) 462 (13) 207 (11)

Western Europe 1791 (23) 1024 (29) 625 (34)

Central Europe 2865 (37) 1175 (33) 501 (28)

Asia-Pacific or other 1503 (19) 516 (14) 230 (13)
Systolic blood pressure, mmHg 125+ 16 124 + 16 125+ 16 0.22
Heart rate, beats/min 72112 71+12 71+12 <0.001
Body-mass index” 28.7+5.5 29.0+5.3 29.5+5.3 <0.001
Serum creatinine, mg/dL$ 0.9+0.2 1.2+0.2 1.6+0.3 <0.001
eGFR,” mL/min/1.73 m? 78+ 16 53+ 4 38+5 <0.001
Clinical features of heart failure
Ischemic Cause, no. (%) 3935 (51) 1894 (53) 930 (51) 0.06
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Left ventricular ejection fraction, % 38.2+14.5 41.0+15.5 43.5+16.1 <0.001
Median NT-proBNP (25%-75" percentile), <0.001
pg/mL 1198 [659, 2243] 1415 [760, 2703] 1640 [830, 3178] '
NYHA Classification, no. (%) <0.001

I 339 (4) 129 (4) 58 (3)

I 5764 (74) 2609 (73) 1251 (69)

]| 1629 (21) 825 (23) 496 (27)

v 52 (1) 16 (0) 11 (1)
Medical History, no. (%)
Hypertension 5942 (76) 2993 (84) 1588 (87) <0.001
Diabetes 2736 (35) 1386 (39) 846 (47) <0.001
Atrial fibrillation or flutter 2485 (32) 1414 (40) 744 (41) <0.001
Stroke 613 (8) 361 (10) 259 (14) <0.001
Hospitalization for heart failure 4494 (58) 2044 (57) 1042 (57) 0.81
Myocardial infarction 2702 (35) 1354 (38) 661 (36) 0.005
Treatment, no. (%)
Diuretic at randomization 6479 (83) 3153 (88) 1690 (93) <0.001
ACE inhibitor or ARB at screening 7476 (96) 3373 (94) 1669 (92) <0.001
Mineralocorticoid-receptor antagonist at <0.001
randomization 3664 (47) 1521 (42) 725 (40)
Beta-blocker at randomization 6966 (89) 3096 (86) 1569 (86) <0.001
Sacubitril/valsartan, n (%) 3889 (50) 1810 (51) 895 (49) 0.67

* Plus-minus values are mean +/- SD.

# The body-mass index is the weight in kilograms divided by the square of the height in meters.
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® This characteristic was measured at the randomization visit instead of the screening visit.
% The GFR at baseline was estimated according to the four-variable Modification of Diet in Renal Disease formula.

NYHA, New York Heart Association; BMI, Body Mass Index; ACE, Angiotensin Converting Enzyme; ARB, Angiotensin Receptor Blocker
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Supplementary Table 3. Baseline Characteristics according to parent trial

Characteristic PARADIGM-HF PARAGON-HF
(N=8,399) (N=4,796)
Age, yrs 64+11 7318
Female, no. (%) 1832 (22) 2479 (52)
Race, no. (%)
White 5544 (64) 3907 (81)
Black 428 (5) 102 (2)
Asian 1509 (18) 607 (13)
Other 918 (11) 180 (4)
Geographic Region, no. (%)
North America 602 (7) 559 (12)
Latin America 1433 (17) 370 (8)
Western Europe 2051 (24) 1390 (29)
Central Europe 2826 (34) 1115 (36)
Asia-Pacific or other 1487 (18) 762 (16)
Systolic blood pressure, mmHg 121 £15 131 +15
Heart rate, beats/min 72 +12 70+12
Body-mass index” 28.2+5.5 30.2+5.0
Serum creatinine, mg/dL ° 1.1+0.3 1.1+0.3
eGFR,” mL/min/1.73 m? 68 + 20 63+19
Clinical features of heart failure
Ischemic Cause, no. (%) 5036 (60) 1723 (36)
Left ventricular ejection fraction, % 29.5+6.2 575+7.9

Median NT-proBNP (25"-75%
percentile), pg/mL

1612 [886, 3224]

911 [464, 1613]

NYHA Classification, no. (%)

I 389 (5) 137 (3)
I 5919 (71) 3706 (77)
1] 2018 (24) 932 (19)
v 60 (1) 19 (0)
Medical History, no. (%)
Hypertension 5940 (71) 4584 (96)
Diabetes 2907 (35) 2062 (43)
Atrial fibrillation or flutter 3091 (37) 1552 (32)
Stroke 725 (9) 508 (11)
Hospitalization for heart failure 5274 (63) 2306 (48)
Myocardial infarction 3634 (43) 1083 (23)

Treatment, no. (%)
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Diuretic at randomization 6738 (80) 4585 (96)
ACE inhibitor or ARB at screening 8379 (100) 4139 (86)
Mineralocorticoid-receptor antagonist

at randomization 4671 (56) 1239 (26)
Beta-blocker at randomization 7811 (93) 3821 (80)
Sacubitril/valsartan, n (%) 4187 (50) 2407 (50)

* Plus-minus values are mean +/- SD.

¥ The body-mass index is the weight in kilograms divided by the square of the height in meters.

® This characteristic was measured at the randomization visit instead of the screening visit.

% The GFR at baseline was estimated according to the four-variable Modification of Diet in Renal
Disease formula.

NYHA, New York Heart Association; BMI, Body Mass Index; ACE, Angiotensin Converting Enzyme;

ARB, Angiotensin Receptor Blocker
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Supplementary Figure 1. Incidence rates of the renal composite outcome according to baseline

ejection fraction
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Supplementary Figure 2. Subgroup analyses of the treatment effect on difference in rate of

eGFR decline (mL/min/1.72 m? with 95% confidence intervals)
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