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Abstract

Objectives—To evaluate the efficacy and safety of sacubitril/valsartan according to dose level 

achieved in the PIONEER-HF trial.

Background—In patients hospitalized for acute decompensated heart failure (ADHF), in-

hospital initiation and continuation of sacubitril/valsartan as compared with enalapril is well-

tolerated, achieves a greater reduction in NT-proBNP, and reduces the risk of cardiovascular death 

or rehospitalization for HF through 8 weeks. However, not all patients achieve the target dose of 

sacubitril/valsartan, and its efficacy and safety in such patients are of interest.

Methods—PIONEER-HF was a randomized, double-blind, active-controlled trial of sacubitril/

valsartan vs. enalapril in 881 patients stabilized during hospitalization for ADHF. Blinded study 

medication was administered for 8 weeks, with initial dosing selected based on the systolic blood 

pressure (SBP) at randomization and titrated toward a target of sacubitril/valsartan 97 mg/103 mg 

twice daily, or enalapril 10 mg twice daily, with an algorithm based on SBP and the investigator’s 

assessment of tolerability.

Results—At 4 weeks, 211 patients (60%) allocated to sacubitril/valsartan and 199 patients (55%) 

allocated to enalapril were dispensed the target dose. Baseline characteristics were similar in the 

Address for Correspondence: David D. Berg, M.D, TIMI Study Group, 60 Fenwood Road, Suite 7022, Boston, MA 02115, 
dberg1@bwh.harvard.edu. 

Clinical Trial: www.clinicaltrials.gov: NCT02554890

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
JACC Heart Fail. Author manuscript; available in PMC 2021 October 01.

Published in final edited form as:
JACC Heart Fail. 2020 October ; 8(10): 834–843. doi:10.1016/j.jchf.2020.06.008.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.clinicaltrials.gov/
https://clinicaltrials.gov/ct2/show/NCT02554890


two treatment groups within each dose level. There was no heterogeneity across dose levels in the 

effect of sacubitril/valsartan on the reduction in NT-proBNP (p-interaction=0.69), the reduction in 

cardiovascular death or rehospitalization for HF (p-interaction=0.42), or the prespecified adverse 

events of special interest through 8 weeks.

Conclusions—In hemodynamically stabilized patients with ADHF, the efficacy and safety of 

sacubitril/valsartan are generally consistent across dose levels.
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Introduction

Patients admitted for acute decompensated heart failure (ADHF) are at high risk for re-

hospitalization for heart failure (HF) and cardiovascular death.1, 2 As such, it is increasingly 

recognized that initiation of evidence-based therapies during hospitalization for ADHF may 

decrease HF morbidity and mortality, since multiple studies have shown that initiation and 

adherence are enhanced when guideline-directed medical therapy (GDMT) is prescribed 

before hospital discharge.3, 4

In the randomized, double-blind PIONEER-HF trial (Comparison of Sacubitril/Valsartan 

versus Enalapril on Effect on NT-proBNP in Patients Stabilized from an Acute Heart Failure 

Episode) (NCT02554890), compared with enalapril, initiation of sacubitril/valsartan in 

patients stabilized during hospitalization for ADHF was safe, well-tolerated, and led to a 

significantly greater reduction in circulating N-terminal pro-brain natriuretic peptide (NT-

proBNP) concentration.5 Moreover, in an exploratory analysis of adjudicated cardiovascular 

outcomes, sacubitril/valsartan, as compared with enalapril, significantly reduced the 

composite of rehospitalization for HF or cardiovascular death at 8 weeks following the 

initial hospitalization 4(hazard ratio [HR] 0.58, 95% confidence interval [CI] 0.39–0.87).6

Consistent with guideline recommendations to use caution when initiating neurohormonal 

antagonists during hospitalization for ADHF,7 patients in the PIONEER-HF trial were 

started on one of two submaximal doses of sacubitril/valsartan and enalapril based on their 

systolic blood pressure (SBP) at the time of randomization. These doses were then to be 

uptitrated to target doses of 97/103 mg twice daily (sacubitril/valsartan) and 10 mg twice 

daily (enalapril) over the course of the study period according to a predefined dose titration 

algorithm (Figure 1). Nevertheless, not all patients achieved the target dose of blinded study 

drug.5

Whether sacubitril/valsartan confers a consistent clinical benefit at doses below the target 

dose in patients who have recently been hospitalized for ADHF is unknown. We therefore 

conducted an exploratory analysis of the efficacy and safety of sacubitril/valsartan according 

to dose level achieved in the PIONEER-HF trial.
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Methods

Study Population

The PIONEER-HF trial was an 8-week, multicenter, randomized, double-blind, double-

dummy, active-controlled trial of in-hospital initiation of sacubitril/valsartan compared with 

enalapril in 881 patients with heart failure with reduced ejection fraction (HFrEF) stabilized 

during hospital admission for ADHF.5 The primary trial results and full details of the 

protocol have been reported previously.5, 8 The trial included patients with left ventricular 

ejection fraction [LVEF] ≤40% with signs and symptoms of HF and an NT-proBNP 

concentration ≥1600 pg/mL or BNP concentration ≥400 pg/mL. Patients were enrolled ≥24 

hours and up to 10 days after initial presentation while still hospitalized and were to be 

hemodynamically stable. The latter was defined by SBP ≥100 mmHg for the preceding 6 

hours, with no increase in the dose of intravenous diuretics and no use of intravenous 

vasodilators during the preceding 6 hours, and no use of intravenous inotropes during the 

preceding 24 hours. All patients provided written informed consent. The study protocol was 

approved by the ethics committees and local institutional review boards at each participating 

center.

For both sacubitril/valsartan and enalapril, 3 doses of study drug were available (sacubitril/

valsartan: 24/26 mg BID [dose level 1], 49/51 mg BID [dose level 2], and 97/103 mg BID 

[dose level 3]; enalapril: 2.5 mg BID [dose level 1], 5 mg BID [dose level 2], and 10 mg 

BID [dose level 3]). The starting doses during in-hospital initiation and all subsequent dose 

changes during the double-blind treatment period were selected using a dose titration 

algorithm based on SBP (Figure 1) and the investigator’s assessment of tolerability. For this 

analysis, patients were assessed according to the dose level achieved at 4 weeks post-

randomization; therefore, the primary analytic cohort focused on those patients who were 

still receiving study drug at week 4 (n=715, 82%). This timepoint (i.e., midway through the 

trial follow-up period) was selected to provide preceding opportunity for dose optimization 

of study drug while still having adequate follow-up time to assess the consequences of those 

achieved doses. In addition, we performed two sensitivity analyses in the full trial cohort 

(n=875): (1) using time-varying dose level in which patients contributed person-time at a 

given dose level while they were taking that dose; and (2) based on the highest dose 

achieved at any point during the 8-week double-blind phase. Among the 160 patients not on 

study drug at week 4 (i.e., those included in the sensitivity analyses but not in the primary 

analytic cohort), 53% had last received dose level 1, 37% had last received dose level 2, and 

11% had last received dose level 3.

Efficacy and Safety Outcomes

The efficacy outcomes for this analysis were: (1) the proportional change in NT-proBNP 

concentration from baseline through week 8; and (2) the composite of rehospitalization for 

HF or cardiovascular death, which was adjudicated by a blinded clinical events committee 

(CEC) using standard definitions.6 The key safety outcomes for this analysis were the 

incidences of worsening renal function (defined as an increase in the serum creatinine 

concentration of ≥0.5 mg/dL and a decrease in the estimated glomerular filtration rate 
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[eGFR] of ≥25% from baseline), hyperkalemia (defined as a serum potassium concentration 

of ≥5.5 mmol/L), and symptomatic hypotension.

Statistical Analysis

Baseline characteristics were summarized according to study group assignment stratified by 

dose level achieved at 4 weeks post-randomization. Categorical variables are reported as 

counts and percentages, and continuous variables as medians and interquartile ranges.

A multivariable logistic regression model was used to identify independent predictors of 

failure to reach the target dose of blinded study drug (i.e., dose level 3) at 4 weeks post-

randomization. Candidate variables were selected a priori based on clinical relevance and 

included age, sex, race, body-mass index (BMI), previous HF, New York Heart Association 

(NYHA) class, baseline SBP, baseline heart rate, LVEF at screening, NT-proBNP 

concentration at randomization, and baseline eGFR. Variables were selected using a 

backward elimination procedure, and all variables achieving a significance level of p<0.05 

(older age, lower systolic blood pressure, and White race) were maintained in the final 

multivariable model. Adjusted odds ratios (ORs) and 95% CIs are reported.

Because patients were assessed according to dose level achieved post-randomization, all 

efficacy and safety analyses were, by necessity, on-treatment analyses. Consistent with the 

primary trial analysis, missing NT-proBNP values were treated as missing at random. The 

proportional change in the NT-proBNP concentration was analyzed from baseline to week 8 

on a logarithmic scale using an analysis of covariance (ANCOVA) model, adjusting for the 

baseline value, treatment group, and variables associated with failure to reach the target dose 

of blinded study drug as fixed effects (age, SBP, and race). To test for heterogeneity in the 

biomarker response profiles of sacubitril/valsartan vs. enalapril by dose level achieved, a 

treatment by dose level interaction term was included as a fixed effect in the model. The 

cumulative event rates of re-hospitalization for HF or cardiovascular death at 8 weeks were 

estimated using the Kaplan-Meier (KM) method (total number of rehospitalizations for HF = 

93; total number of cardiovascular deaths = 16). A landmark analysis of re-hospitalization 

for HF or cardiovascular death from 4 weeks post-randomization through the end of study 

follow-up (8 weeks post-randomization) was also performed. Hazard ratios and 95% CIs for 

all treatment comparisons were calculated using a Cox proportional hazards model, again 

adjusting for the variables associated with failure to reach the target dose of blinded study 

drug (age, SBP, and race). To test for heterogeneity in the treatment effect of sacubitril/

valsartan vs. enalapril based on dose level achieved, a treatment by dose level interaction 

term was included in the Cox model.

The incidences of the key safety outcomes of worsening renal function, hyperkalemia, and 

symptomatic hypotension during the 8-week study period were calculated, as well as risk 

ratios and 95% CIs for sacubitril/valsartan vs. enalapril in each subgroup. To test for a 

heterogeneous treatment effect of sacubitril/valsartan vs. enalapril on each safety outcome 

based on dose level achieved, the Breslow-Day test for homogeneity of the risk ratios was 

used.
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All statistical analyses were performed in R version 3.5.3. All p-values are two-sided unless 

otherwise specified.

Results

Dose Level Achieved

At 4 weeks post-randomization, among patients receiving study drug, 57% of patients 

achieved the target dose (dose level 3) of blinded study drug, 24% were on dose level 2, and 

19% were on dose level 1 (Figure 2 and Supplemental Figure 1). Patients on submaximal 

doses of blinded study drug were older and tended to have more high-risk clinical features 

including lower baseline SBP, lower LVEF, and higher baseline NT-proBNP levels (all 

p<0.05) (Table 1). Men and women were equally likely to have achieved each of the dose 

levels of blinded study drug; however, White patients were significantly less likely to have 

achieved higher dose levels of blinded study drug as compared with Black patients. In a 

multivariable analysis, significant predictors of not attaining the target dose by 4 weeks post-

randomization included older age, lower baseline SBP, and White race. Within each dose 

level, baseline characteristics were similar between patients treated with sacubitril/valsartan 

vs. enalapril (Table 1).

Change in N-terminal pro-B-type natriuretic peptide by dose level achieved

The proportional reduction in NT-proBNP concentration from baseline through week 8 was 

consistent regardless of dose level of blinded study drug achieved at week 4 (overall ratio of 

change with sacubitril/valsartan vs. enalapril 0.72, 95% CI 0.58–0.88; p-interaction = 0.67) 

(Figure 3). Even among patients whose dose of study drug was never escalated beyond dose 

level 1, there was a greater reduction in NT-proBNP concentration in patients treated with 

sacubitril/valsartan as compared with enalapril beginning in week 1 and continuing 

throughout the duration of the study (Figure 4). Furthermore, in a sensitivity analysis based 

on the maximum dose of blinded study drug achieved at any visit, the proportional reduction 

in NT-proBNP concentration with sacubitril/valsartan vs. enalapril was consistent (p-

interaction = 0.86).

Hospitalization for heart failure or cardiovascular death by dose level achieved

The reduction in rehospitalization for HF or cardiovascular death with sacubitril/valsartan as 

compared with enalapril over the course of the study was also consistent irrespective of dose 

level of blinded study drug achieved at week 4 (overall HR 0.58, 95% CI 0.39–0.87; p-

interaction=0.41) (Central Illustration). In addition, the pattern of consistent reduction in 

rehospitalization for HF or cardiovascular death with sacubitril/valsartan vs. enalapril across 

all dose levels was observed from a landmark of 4 weeks post-randomization through the 

end of study follow-up (Supplemental Figure 2). In two sensitivity analyses, one based on 

time-varying dose level and another based on the maximum dose of blinded study drug 

achieved at any visit, there was similarly no heterogeneity in treatment effect (p-interaction 

= 0.36 and p-interaction = 0.24, respectively) (Supplemental Table 1).
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Adverse events of special interest by dose level achieved

There was no heterogeneity in the risks of worsening renal function or hyperkalemia with 

sacubitril/valsartan vs. enalapril according to dose level of study drug achieved (p-

interaction=NS for each). Owing to their lower baseline SBP, patients achieving submaximal 

doses of study drug had higher overall rates of symptomatic hypotension regardless of 

treatment group assignment; however, there was no significant difference in the risk of 

symptomatic hypotension with sacubitril/valsartan vs. enalapril across dose levels, and in 

fact, a non-significant trend towards more frequent symptomatic hypotension with sacubitril/

valsartan was seen only in patients achieving dose level 3 (Table 2).

Discussion

HF hospitalization is an ideal time to implement GDMT for HFrEF to increase adherence 

and improve clinical outcomes in the vulnerable post-hospitalization period. Further, 

sacubitril/valsartan is known to be safe, well-tolerated, and to significantly reduce natriuretic 

peptide concentrations and the risk of rehospitalization for HF or CV death in HFrEF 

patients who are stabilized during hospitalization for ADHF.5, 6 In this analysis from the 

PIONEER-HF trial, we now demonstrate that the safety profile and benefits of sacubitril/

valsartan appear consistent irrespective of dose level achieved during the first month post-

hospitalization. Taken together, these data support the in-hospital initiation and continued 

post-hospitalization use of sacubitril/valsartan with the dose-titration strategy studied in 

PIONEER-HF even when relative hypotension precludes early up-titration to the target dose.

Achievement and maintenance of sacubitril/valsartan target dose

In the PARADIGM-HF trial (Prospective Comparison of ARNI with ACEI to Determine 

Impact on Global Mortality and Morbidity) of sacubitril/valsartan vs. enalapril in 

ambulatory patients with chronic HFrEF, all patients randomized to sacubitril/valsartan were 

started at the target dose of 97/103 mg twice daily;5 however, 42% of patients reduced their 

dose (often transiently) at some point during the study period.9 In the follow-up 

TITRATION trial, which tested two up-titration regimens for sacubitril/valsartan in a 

population similar to the PARADIGM-HF study population, the more conservative strategy 

of initiating low-dose sacubitril/valsartan (24/26 mg daily) with gradual up-titration over 6 

weeks led to a higher chance of attaining the target dose of sacubitril/valsartan among 

patients transitioning from lower doses of ACEI/ARB.10 Using a similar framework, all 

patients in PIONEER-HF were started on submaximal doses of sacubitril/valsartan with 

subsequent adjustments made according to an SBP-based dose titration algorithm. However, 

whereas >75% of patients achieved the target dose of sacubitril/valsartan without dose 

interruption or down-titration in the TITRATION trial, fewer patients reached the target dose 

in PIONEER-HF (57% at 4 weeks and 66% at 6 weeks). This observation was similar to the 

findings from the TRANSITION study of pre- vs. post-discharge initiation of sacubitril/

valsartan among patients stabilized during hospitalization for ADHF, in which only 48% 

reached target doses of sacubitril/valsartan after 10 weeks.11

The lower achieved doses of sacubitril/valsartan in PIONEER-HF and TRANSITION, as 

compared with TITRATION, reflects the more severe clinical profile of hospitalized HF 
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patients. For example, as compared with stable, ambulatory HFrEF patients, those with 

recent admissions for ADHF tend to be older and have lower SBP,1 both of which were 

independently associated with failure to achieve the highest dose level of blinded study drug 

in PIONEER-HF. The challenges associated with achieving target doses of evidence-based 

neurohormonal antagonists in patients hospitalized for ADHF highlight the critical 

importance of understanding the efficacy and safety profiles of submaximal doses of these 

therapies in this population.

Clinical benefits of sacubitril/valsartan at submaximal doses

In PARADIGM-HF, blinded study drug dose reduction during the course of the trial 

identified patients at higher risk for the composite clinical outcome of hospitalization for HF 

or cardiovascular death; however, the treatment benefit of sacubitril/valsartan over enalapril 

following dose reduction was similar.9 Notably, all patients in PARADIGM-HF were started 

on the highest dose of sacubitril/valsartan (following a run-in period) and the timing of dose 

reduction was highly variable. By contrast, all patients in PIONEER-HF were started on a 

submaximal dose of blinded study drug, which was systematically increased over the course 

of the study; thus, patients were generally not exposed to higher dose levels of blinded study 

drug than the subgroup in which they were analyzed. As a result, the present analysis more 

effectively isolates the impact of the dose level of sacubitril/valsartan vs. enalapril achieved 

on the efficacy and safety outcomes, and provides reassurance that lower doses of sacubitril/

valsartan in the first month following HF hospitalization offer clinical benefit.

The natriuretic peptide response profiles may provide some additional insight into the 

observed consistency in the clinical benefit of sacubitril/valsartan at various dose levels. 

Specifically, there was an early and sustained reduction in NT-proBNP concentration in 

patients treated with sacubitril/valsartan as compared with enalapril across all dose levels. 

As changes in NT-proBNP have been shown to correlate with changes in cardiac structure 

and function in patients treated with sacubitril/valsartan,12 it is possible that the early 

reductions in NT-proBNP concentration with sacubitril/valsartan observed across all dose 

levels in PIONEER-HF were reflective of these favorable effects.

Importantly, the results of this analysis should not be interpreted as suggesting that clinicians 

should target submaximal doses of sacubitril/valsartan. On the contrary, to achieve the 

results observed in the PIONEER-HF study, clinicians should adhere as closely as possible 

to the dose titration algorithms used in the trial, which targeted the maximal dose whenever 

tolerated. Nevertheless, these data support the notion that lower doses of sacubitril/valsartan 

provide clinical benefit during the vulnerable post-hospitalization period, and support the 

initiation GDMT with sacubitril/valsartan in hospitalized HFrEF patients and continuation of 

the maximum dose achieved.

Limitations

This analysis should be interpreted in the context of several limitations. First, dose level 

achieved at 4 weeks post-randomization is a post-randomization variable; therefore, the 

comparisons between patient groups achieving different dose levels in this analysis are at-

risk for confounding. Nevertheless, the patient characteristics between patients treated with 
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sacubitril/valsartan vs. enalapril at each dose level were very similar (Table 1), and the 

results of each of the models were unchanged after adjusting for variables associated with 

not attaining the target dose by 4 weeks post-randomization (age, SBP, and race). Second, 

dose levels of blinded study drug were dynamic over the course of the trial, so subgroup 

categorization based on dose levels achieved at 4 weeks post-randomization does not 

completely reflect the total exposure to blinded study drug over the 8-week study period. In 

addition, dose titration both prior to and after the 4-week timepoint may reduce 

heterogeneity between dose level groups. Mitigating this limitation, in two sensitivity 

analyses, one using a time-varying Cox model to account for dose level variation over time 

and the other based on the highest dose level achieved during the 8-week study period, the 

results were unchanged (Supplemental Table 1). Finally, the dose level subgroups were 

relatively small in a trial of short, fixed duration, which may limit the power to detect 

clinically relevant heterogeneity with respect to the safety and efficacy outcomes. We note 

that tests for heterogeneity are particularly underpowered statistical procedures.

Conclusions

In this analysis from the PIONEER-HF trial, we found that among patients stabilized during 

hospitalization for ADHF, the efficacy and safety of sacubitril/valsartan were generally 

consistent across various dose levels. These data support the in-hospital initiation and 

continued post-hospitalization use of sacubitril/valsartan broadly, including in patients who 

may not tolerate early up-titration to the target dose.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ADHF acute decompensated heart failure

BMI body-mass index
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eGFR estimated glomerular filtration rate

HF heart failure

HFrEF heart failure with reduced ejection fraction

GDMT guideline-directed medical therapy

NYHA New York Heart Association

NT-proBNP N-terminal pro-B-type natriuretic peptide

SBP systolic blood pressure
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Clinical Perspectives

HF hospitalization is an ideal time to implement GDMT for HFrEF to increase adherence 

and improve clinical outcomes in the vulnerable post-hospitalization period. The 

PIONEER-HF trial demonstrated that in-hospital initiation and continued post-

hospitalization use of sacubitril/valsartan in patients with HFrEF stabilized during 

hospitalization for ADHF was safe, well-tolerated, and reduced the composite of 

rehospitalization for HF or CV death. Not all patients in PIONEER-HF achieved the 

target dose of blinded study drug during the first month post-hospitalization; however, in 

this analysis of the PIONEER-HF trial, we showed that the safety profile and benefits of 

sacubitril/valsartan appear to be generally consistent irrespective of dose level achieved 

using the trial-based dosing algorithm.
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Translational Outlook

These data support the in-hospital initiation and continued post-hospitalization use of 

sacubitril/valsartan with the dose-titration strategy studied in PIONEER-HF, which 

includes patients who may not tolerate early up-titration to the target dose.
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Figure 1. Dosing algorithm of blinded study drug in the PIONEER-HF trial.
Dosing of blinded study drug was selected based on systolic blood pressure at randomization 

according to a prespecified algorithm. Titration of blinded study drug dose occurred at 1, 2, 

4, and 6 weeks following randomization based on SBP and tolerability. SBP, systolic blood 

pressure.
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Figure 2. Distribution of study drug dose level achieved by study visit.
Shown are the proportions of each dose level dispensed among patients receiving study drug 

at each study visit. At week 4, 43% of patients remained on submaximal doses of study 

drug.
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Figure 3. Change in NT-proBNP concentration from baseline through 8 weeks post-
randomization by dose of blinded study drug achieved at week 4.
The reduction in the proportional change in NT-proBNP concentration (logarithmic scale) 

from baseline through week 8 with sacubitril/valsartan was consistent across all dose levels 

achieved. The model is adjusted for age, systolic blood pressure, and race. NT-proBNP, N-

terminal pro-B-type natriuretic peptide.
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Figure 4. Change in NT-proBNP concentration over time among patients who remained at dose 
level 1 of blinded study drug at 4 weeks post-randomization.
The reduction in NTproBNP concentration with sacubitril/valsartan vs. enalapril was 

consistent in patients who remained on dose level 1 of blinded study drug at 4 weeks post-

randomization. The model is adjusted for age, systolic blood pressure, and race. NT-proBNP, 

N-terminal pro-B-type natriuretic peptide.
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Central Illustration. Effect of sacubitril/valsartan on clinical outcomes by 8 weeks post-
randomization according to the dose of blinded study drug achieved at week 4.
KaplanMeier estimates of the clinical composite of cardiovascular death or rehospitalization 

for heart failure are shown. Treatment with sacubitril/valsartan, as compared with enalapril, 

significantly reduced the risk of cardiovascular death or rehospitalization for heart failure in 

patients who achieved the target dose of study drug and in those who did not.
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Table 2.

Key safety outcomes by dose of blinded study drug achieved at 4 weeks postrandomization.

Safety Events, n 
(%) RR (95% CI)

Dose Level 1 Dose Level 2 Dose Level 3

Sac/V al 
(N=69)

Enalapril 
(N=64)

Sac/Val 
(N=93)

Enalapril 
(N=79)

Sac/Val 
(N=199)

Enalapril 
(N=211)

P-
interaction

Worsening renal 
function

18 (26.1) 16 (25.0) 10 (10.8) 10 (12.7) 18 (9.0) 27 (12.8)
0.68

1.04 (0.58 – 1.87) 0.85 (0.37 – 1.94) 0.71 (0.40 – 1.24)

Hyperkalemia
13 (18.8) 9 (14.1) 14 (15.1) 8 (10.1) 12 (6.0) 15 (7.1)

0.53
1.34 (0.61 – 2.92) 1.49 (0.66 – 3.36) 0.85 (0.41 – 1.77)

Symptomatic 
hypotension

15 (23.4) 15 (21.7) 13 (14.0) 15 (19.0) 19 (9.5) 11 (5.2)
0.17

0.93 (0.49 – 1.74) 0.74 (0.37 – 1.45) 1.83 (0.89 – 3.75)

Worsening renal function was defined as an increase in the serum creatinine concentration of >0.5 mg/dL and a decrease in the estimated 
glomerular filtration rate [eGFR] of >25%. Hyperkalemia was defined as a serum potassium concentration of >5.5 mmol/L. There was no 
heterogeneity in the treatment effect of sacubitril/valsartan vs. enalapril on the risks of any of the key safety outcomes. CI, confidence interval; RR, 
risk ratio; sac/val, sacubitril/valsartan.
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