Research

JAMA Cardiology | Brief Report

Initiation of Angiotensin-Neprilysin Inhibition

After Acute Decompensated Heart Failure

Secondary Analysis of the Open-label Extension of the PIONEER-HF Trial

Adam D. DeVore, MD, MHS; Eugene Braunwald, MD; David A. Morrow, MD, MPH; Carol |. Duffy, DO; Andrew P. Ambrosy, MD;
Hrishikesh Chakraborty, DrPH; Kevin McCague, MA; Ricardo Rocha, MD; Eric J. Velazquez, MD; for the PIONEER-HF Investigators

E Invited Commentary page 207
IMPORTANCE In PIONEER-HF, among stabilized patients with acute decompensated heart
failure (ADHF), the in-hospital initiation of sacubitril/valsartan was well tolerated and led to
improved outcomes compared with enalapril. However, there are limited data comparing the CME Quiz at
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OBJECTIVE To describe changes in N-terminal pro-B-type natriuretic peptide (NT-proBNP)
levels in patients recently hospitalized for ADHF and switching from taking enalapril to taking
sacubitril/valsartan after discharge and compare clinical outcomes for patients randomized to
receive in-hospital initiation of sacubitril/valsartan vs in-hospital initiation of enalapril who
later switched to taking sacubitril/valsartan during an open-label extension phase.

INTERVENTIONS Sacubitril/valsartan titrated to 97/103 mg twice daily.

DESIGN, SETTING, AND PARTICIPANTS The PIONEER-HF trial was a multicenter, randomized,
double-blind, active-controlled trial conducted at 129 US sites between May 2016 an

May 2018 that compared the in-hospital initiation of sacubitril/valsartan vs enalapril

(titrated to target dose, 10 mg twice daily) for 8 weeks among patients admitted for ADHF
with reduced ejection fraction and hemodynamic stability. All patients were to continuein a
4-week, open-label study of sacubitril/valsartan; of 881 patients enrolled in PIONEER-HF, 832
(94%) continued in the open-label study.

MAIN OUTCOMES AND MEASURES Changes in NT-proBNP levels from week 8 to 12 as well as
the exploratory composite of heart failure rehospitalization or cardiovascular death from
randomization through week 12.

RESULTS Of 881 participants, 226 (27.7%) were women, 487 (58.5%) were white, 297
(35.7%) were black, 15 (1.8%) were Asian, and 73 (8.8%) were of Hispanic ethnicity;

the mean (SD) age was 61 (14) years. For patients who continued to take sacubitril/valsartan,
NT-proBNP levels declined -17.2% (95% Cl, -3.2 to -29.1) from week 8 to 12. The NT-proBNP
levels declined to a greater extent for those switching from taking enalapril to
sacubitril/valsartan after the week 8 visit (-37.4%; 95% Cl, -28.1to -45.6; P < .001;
comparing changes in 2 groups). Over the entire 12 weeks of follow-up, patients that began
taking sacubitril/valsartan in the hospital had a lower hazard for the composite outcome
compared with patients that initiated enalapril in the hospital and then had a delayed
initiation of sacubitril/valsartan 8 weeks later (hazard ratio, 0.69; 95% Cl 0.49-0.97).

CONCLUSIONS AND RELEVANCE Switching patients' treatment from enalapril to
sacubitril/valsartan at 8 weeks after randomization led to a further 37% reduction in
NT-proBNP levels in patients with heart failure with reduced ejection fraction and a recent
hospitalization for ADHF.
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acubitril/valsartan is an angiotensin receptor neprilysin-

inhibitor recommended for use in patients with chronic

heart failure with reduced ejection fraction (HFrEF).! The
PIONEER-HF trial expanded the evidence regarding the use of
sacubitril/valsartan by studying patients with HFrEF who were
hospitalized with acute decompensated HF (ADHF) and had
achieved hemodynamic stability.?3 Patients randomized to re-
ceive an in-hospital initiation of sacubitril/valsartan had a
greater reduction in N-terminal pro-B-type natriuretic pep-
tide (NT-proBNP) levels and improved clinical outcomes com-
pared with enalapril (eTable in the Supplement).>*

In this secondary analysis, we report the results of the
PIONEER-HF open-label extension study. After 8 weeks of
follow-up, all patients who remained in the trial were to con-
tinue a 4-week open-label extension study and take sacubitril/
valsartan (titrated to target dose, 97 mg of sacubitril with 103
mg of valsartan twice daily). This study was primarily con-
ducted to evaluate the change in NT-proBNP levels in pa-
tients switching from taking enalapril (titrated to target dose,
10 mg twice daily) to sacubitril/valsartan. We also evaluated
pooled outcomes to compare the totality of clinical events that
occurred over the entire 12 weeks of follow-up in the 2 treat-
ment arms.

Methods

Study Patients

The design and primary results of FONEER-HF have been pre-
viously described.? The key eligibility criteria included the
following: a primary diagnosis of ADHF, left ventricular ejec-
tion fraction of 40% or less, NT-proBNP levels of 1600 pg/mL
or greater, and hemodynamic stability, including a systolic
blood pressure of 100 mm Hg for at least 6 hours before ran-
domization. Patients enrolled in PIONEER-HF signed written
informed consent before the collection of study data and in-
stitutional review board approval was obtained from all of the
study institutional review boards that approved the study pro-
tocol. The PIONEER-HF study was sponsored by the Novartis
Pharmaceuticals Corporation (East Hanover, New Jersey). An
academic leadership committee designed the protocol and
oversaw the implementation of the protocol in conjunction
with the trial sponsor.

Study Procedures

Patients enrolled in PIONEER-HF were randomized to re-
ceive sacubitril/valsartan or enalapril. The first dose was ad-
ministered in the hospital and then titrated at study visits. Be-
cause recruitment of participants from racial/ethnic minorities
was a study goal, race/ethnicity was ascertained at the time of
screening by investigators based on predefined categories. Af-
ter the week 8 visit, all patients underwent a 36-hour wash-
out and then began a 4-week open-label extension study with
sacubitril/valsartan. Sites were recommended to administer
sacubitril/valsartan at the week 8 dosing level and up titrate
to 97/103 mg twice daily. Patients then had study visits at 10
and 12 weeks after randomization and were contacted for a
safety evaluation via telephone call 30 days later.
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Key Points

Question For patients recently hospitalized for acute
decompensated heart failure (ADHF), what is the effect of
administering sacubitril/valsartan?

Findings In this secondary analysis of PIONEER-HF, patients
with ADHF were treated with either in-hospital initiation of
sacubitril/valsartan (titrated to target dose, 97 mg of sacubitril
with 103 mg of valsartan twice daily) continued for 12 weeks or
in-hospital enalapril (titrated to target dose, 10 mg twice daily)
continued for 8 weeks followed by sacubitril/valsartan for 4
weeks. Switching patients’ treatment from enalapril to
sacubitril/valsartan at 8 weeks led to a further 37% reduction in
N-terminal pro-B-type natriuretic peptide levels.

Meaning Sacubitril/valsartan is associated with further decreases
in N-terminal pro-B-type natriuretic peptide levels compared with
enalapril in patients recently treated for ADHF.

NT-proBNP Measurements and Clinical Outcomes
Biomarker samples were frozen at local sites and shipped to
a central laboratory (Clinical Reference Laboratory; Lenexa,
Kansas). Plasma NT-proBNP was measured using a sandwich
immunoassay (proBNP II; Roche Diagnostics). Clinical
events, including rehospitalizations and mortality, were
reported by sites; we later undertook a post hoc adjudication
of clinical events.*

Statistical Analysis
Baseline characteristics were described by treatment arm. We
tested for differences using x? or Fisher exact tests for cat-
egorical variables and 2-sample ¢ tests or Wilcoxon rank-sum
tests for continuous variables. We then described and com-
pared the associated changes in NT-proBNP levels from week
8 through the end of the study by randomized treatment arm.
The incidences of safety events were calculated along with rela-
tive risks (RRs) and associated 95% CIs. Cumulative clinical
events over the entire study period were described and com-
pared according to the Kaplan-Meier methods and a log-rank
test. We fit a Cox proportional hazards regression model and
calculated the hazard ratio (HR) and corresponding 95% ClIs.
Data were managed by the United BioSource Corporation
(Blue Bell, Pennsylvania), and the Duke Clinical Research In-
stitute (Durham, North Carolina) was the data analytic center
for this analysis. All analyses were performed using SAS soft-
ware (version 9.4; SAS Institute). P values were 2-sided and
values of less than .05 were considered significant.

. |
Results

Of 881 patients enrolled in PIONEER-HF, 832 (94%) partici-
pated in the open-label extension study (eFigure 1 in the
Supplement). Baseline characteristics are shown in Table 1. The
mean (SD) age of participants was 61 years (14), 226 (27%) were
women, 297 (36%) were black, and 293 (35%) had no prior di-
agnosis of HF. When patients began the open-label extension
study, the median NT-proBNP was 1218 pg/mL (interquartile
range, 522-3125) in patients continuing to take sacubitril/
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Table 1. Patient Characteristics

No. (%)

Characteristics Measured

In-Hospital Followed by S/V

at Study Enrollment Overall (N = 832) S/V (n=417) Enalapril (n = 415) P Value
Age, mean (SD), y 61(14) 61(14) 62 (14) .23
Women 226 (27.2) 104 (24.9) 122 (29.4) .15
Race
White 487 (58.5) 247 (59.2) 240 (57.8)
Black 297 (35.7) 149 (35.7) 148 (35.7)
Asian 15(1.8) 7(1.7) 8 (1.9) 82
Other 33(4.0) 14 (3.4) 19 (4.6)
Hispanic ethnicity 73 (8.8) 33(7.9) 40 (9.7) .38
Medical history
Prior HF 539 (64.8) 281(67.4) 258 (62.2) .19
Atrial fibrillation 298 (35.8) 139(33.3) 159 (38.3) 13
Coronary disease 227 (27.3) 111 (26.6) 116 (28.0) .67
Hypertension 709 (85.2) 364 (87.3) 345 (83.1) .09
Diabetes 157 (18.9) 75 (18.0) 82(19.8) .51
CKD 232 (27.9) 120 (28.8) 112 (27.0) .57
LVEF %, mean (SD) 24 (8.0) 24 (8.0) 24(7.9) .93
Vital signs, mean (SD)
BMI 32.1(8.9) 32.2(9.0) 32.1(8.8) .95
BP, mm Hg
Systolic 122 (15.5) 122 (14.9) 122 (16.2) .81
Diastolic 75(12.7) 76 (12.4) 75 (13.0) .37
Laboratory data, median (IQR)
NT-proBNP, pg/mL 2685 (1479-5102) 2883 (1602-5395) 2515 (1351-4898) .04
BUN, mg/dL 21(17.0-28.0) 22(17.0-28.0) 21(16.0-28.0) .96 Abbreviations: BMI, body mass index
Serum Cr, mg/dL 1.3(1.1-1.5) 1.3(1.1-1.5) 1.3(1.1-1.5) .84 (calculated as weight in kilograms

eGFR, mL/min 1.73 m?

Characteristics measured at
week 8 before open-label
extension, median (IQR)

59 (47.7-71.7) 59 (48.0-71.8)

60 divided by height in meters squared);
BP, blood pressure; BUN, blood urea
nitrogen; CKD, chronic kidney
disease; Cr, creatinine;
eGFR, estimated glomerular filtration

59 (47.5-71.5)

BF, mmiHg rate; HF, heart failure; LVEF, left
Systolic 118 (105-131) 118 (104-129) 120(108-133) .04 ventricular ejection fraction;
Diastolic 70 (62-81) 71 (62-82) 70 (64-80) 86 NT-proBNP, amino-terminal

pro-B-type natriuretic peptide;

NT-proBNP, pg/mL 1526 (655-3334) 1218 (522-3125) 1630 (866-3423) .005 SV, sacubitriljvalsartan.

BUN, mg/dL 19 (14.0-26.0) 19 (14.0-26.0) 20 (15.0-25.0) 53 S| conversion factors: To convert Cr

Serum Cr, mg/dL 1.2 (1.0-1.5) 1.2 (1.0-1.5) 1.2 (1.0-1.5) 67 to pmol/L, multiply by 76.25;

eGFR, mL/min 1.73 m? 61(47.2-76.1) 63 (47.2-78.1) 61(47.1-74.4) 21 :jt‘:;f;;;tg’f;; tommol/L.,

Table 2. Safety Events During the Open-label Extension Study
In-Hospital Followed by S/V
Event S/V Enalapril Relative Risk (95% Cl)
Worsening renal function 8.6 9.6 0.89 (0.58-1.37)
Hyperkalemia 2.4 4.1 0.59(0.27-1.26)
Symptomatic hypotension 3.4 4.6 0.73(0.37-1.44)
Angioedema 0 0 0 Abbreviation:

valsartan and 1630 pg/mL (interquartile range, 866-3423) in
patients switching from taking enalapril to sacubitril/
valsartan (P = .01).

During the open-label extension study, the rates of
safety events were similar in patients switching from taking
enalapril to sacubitril/valsartan compared with patients con-

JAMA Cardiology February2020 Volume 5, Number 2

S/V, sacubitril/valsartan.

tinuing to take sacubitril/valsartan (Table 2). For patients
continuing to take sacubitril/valsartan, the NT-proBNP
level declined to 1009 pg/mL (interquartile range, 368-
3077), a change of -17.2% (95% CI, -3.2 to -29.1). For
patients switching from taking enalapril to open-label
sacubitril/valsartan, the NT-proBNP level declined to 981
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pg/mL (interquartile range, 443-2185), a change of -37.4%
(95% CI, -28.1 to -45.6; P < .001; comparing changes in 2
groups) (Figure).

Over the entire 12 weeks of follow-up, patients that had re-
ceived sacubitril/valsartan initially in the hospital had a lower
incidence of HF rehospitalization or cardiovascular death than
those that started to take enalapril in the hospital and then had
adelayed initiation of sacubitril/valsartan 8 weeks later (13.0%
vs18.1%; HR 0.69; 95% CI, 0.49-0.97; P = .03) (eFigure 2 in the
Supplement).

.|
Discussion

Among hospitalized patients with HFrEF who were dis-
charged and treated with enalapril for 8 weeks, the switch to
taking sacubitril/valsartan led to an incremental reduction in
NT-proBNP levels of 37% over the subsequent 4 weeks. This
decrease was greater in patients switching from taking enal-
april to sacubitril/valsartan than in patients who were dis-
charged and continued to take sacubitril/valsartan. Over 12
weeks of follow-up, we also observed lower rates of HF rehos-
pitalization or cardiovascular death for patients who were
treated with a strategy of in-hospital sacubitril/valsartan com-
pared with those who were treated with upfront angiotensin-
converting enzyme inhibitor for 8 weeks followed by an ini-
tiation of treatment with sacubitril/valsartan. These data
suggest that while a strategy of in-hospital vs delayed sacubitril/
valsartan treatment initiation led to a significantly greater early
reduction of NT-proBNP with in-hospital initiation of sacubitril/
valsartan, NT-proBNP levels in the 2 groups were similar at 12
weeks when all patients were being treated with sacubitril/
valsartan. In contrast, the benefits of in-hospital initiation of
sacubitril/valsartan on cardiovascular events were observed
early after discharge at 8 weeks and remained substantial at
12 weeks.

Changes in NT-proBNP levels were described in prior stud-
ies of sacubitril/valsartan but in different patient populations.>®
The PARADIGM-HF study enrolled ambulatory patients with
chronic HFTEF and patients with ADHF were excluded.®:!° Pa-
tients randomized to receive sacubitril/valsartan vs enalapril
had a greater reduction in NT-proBNP levels, and 48% vs 26%
of patients had a reduction of more than 30% from baseline
to1month after randomization.® The TRANSITION study that
evaluated patients hospitalized for ADHF and receiving sacu-
bitril/valsartan predischarge led to a 28% decrease in NT-
proBNP levels by the time of discharge.® This study is unique
in that patients were randomized in the hospital to receive sa-
cubitril/valsartan or an active comparator and we reported
changes in NT-proBNP levels weeks after treatment for ADHF.
The data from PARADIGM-HF and TRANSITION, along with
this study, demonstrate that sacubitril/valsartan treatment is
associated with a rapid decrease in NT-proBNP levels regard-
less of whether it is initiated in the hospital when patients are
congested, prior to discharge from the hospital, soon after dis-
charge, or as stable outpatients.

This study also reinforces the safety profile of initiating
sacubitril/valsartan in various clinical settings. The eligibility
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Figure. Changes in N-terminal Pro-b-Type (NT-proBNP)
From Baseline Over 12 Weeks

20+
Reduction during open-label study, weeks 8 to 12
N In-hospital enalapril to S/V: -37.4% (95% Cl, -28.1 to -45.6)
) o T In-hospital S/V to S/V: -17.2% (95% Cl, -3.2 to -29.1; P<.001)
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Enalapril 394 359 351 350 348 335
S/V 397 355 363 365 349 340

This figure displays changes in NT-proBNP by randomized treatment arm
during the double-blind period (weeks 0-8) and the open-label extension study
(weeks 8-12; gray box). The vertical lines indicate 95% Cls and the dotted line
represents patients switching from taking sacubitril/valsartan (S/V) after the
week 8 visit.

criteria for PIONEER-HF were different than those for
PARADIGM-HF. The patients enrolled in PIONEER-HF who
were in the hospital for ADHF and the patient characteristics
were notable for more black patients and no recent treatment
with angiotensin-converting enzyme inhibitors or angioten-
sin receptor blockers, including those with a new diagnosis of
HFrEF. Among this population, sacubitril-valsartan was well
tolerated during in-hospital initiation and during the open-
label extension study.

Clinical Implications

Reductions in NT-proBNP levels in patients with HFrEF who
were treated with sacubitril/valsartan are associated with fu-
ture improvements in cardiac structure and function.” Also, a
strategy of in-hospital vs delayed initiation of sacubitril/
valsartan is safe, well tolerated, and led to an early improve-
ment in postdischarge outcomes that was sustained over 12
weeks. The magnitude of benefit is comparable with the find-
ings from PARADIGM-HF in which within 30 days of random-
ization patients randomized to receive sacubitril/valsartan had
a lower hazard for HF hospitalization compared with enal-
april (HR, 0.60; 95% CI, 0.38-0.94).'°!

Prior clinical trials and observational data suggest the hos-
pital is a unique setting in which to initiate guideline-directed
medical therapy and that in-hospital initiation is associated with
short-term adherence, long-term persistence, and potentially im-
proved postdischarge outcomes.'?!® As such, HF guidelines rec-
ommend that evidence-based medications are instituted before
hospital discharge.!* The current analysis extends these recom-
mendations by demonstrating that in-hospital initiation of
sacubitril/valsartan leads to an early improvement in postdis-
charge outcomes that may be lost by delaying the initiation of
sacubitril/valsartan in the outpatient setting.
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Limitations

This study has limitations, including the fact that 49 of 881 eli-

Conclusions

gible patients (6%) did not participate in the open-label ex-

tension phase. Also, PIONEER-HF was specifically designed
to evaluate changes in NT-proBNP, not clinical outcomes.
Finally, follow-up for the open-label extension study was only
for 4 weeks and different results may have been observed with

longer follow-up.
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Invited Commentary

Early Implementation of Sacubitril/Valsartan for Patients With Heart Failure

Jane E. Wilcox, MD, MSc

All the past we leave behind...Pioneers, O Pioneers!
Walt Whitman, Leaves of Grass, 1867’

In this issue of JAMA Cardiology, DeVore and colleagues? pro-
vide definitive evidence on the question of the appropriate tim-
ing of initiation of the angiotensin receptor-neprilysin inhibi-
tor (ARNI) sacubitril/valsartan (S/V) during hospitalization for
= acute decompensated heart
failure (ADHF). This study
presents the results of the
4 week open-label extension period of the Comparison of
Sacubitril/Valsartan Versus Enalapril on Effect on
NT-pro-BNP in Patients Stabilized From an Acute Heart Fail-
ure Episode (PIONEER-HF) clinical trial, which was an 8-week
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multicenter, randomized, double-blind, double-dummy,
active-controlled trial of in-hospital initiation of S/V com-
pared with enalapril in patients stabilized during hospitaliza-
tion for ADHF,> Eligible PIONEER-HF patients had ADHF with
a left ventricular ejection fraction of 40% or less along with
an N-terminal pro-brain natriuretic peptide (NT-proBNP) con-
centration of 1600 pg/mL or more or a BNP concentration of
400 pg/mL or more. Patients were enrolled at 24 hours or later
and up to 10 days after presentation while still hospitalized and
were to be hemodynamically stable (notably, systolic blood
pressure >100 mm Hg, not taking inotropic agents for 24 hours,
and no increase in intravenous diuretics). Patients taking S/V
had a greater reduction in NT-proBNP levels at 8 weeks and
fewer clinical events, including rehospitalization for heart fail-
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