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Background

We compared the angiotensin receptor–neprilysin inhibitor LCZ696 with enalapril 
in patients who had heart failure with a reduced ejection fraction. In previous stud-
ies, enalapril improved survival in such patients.

Methods

In this double-blind trial, we randomly assigned 8442 patients with class II, III, or 
IV heart failure and an ejection fraction of 40% or less to receive either LCZ696 (at 
a dose of 200 mg twice daily) or enalapril (at a dose of 10 mg twice daily), in addi-
tion to recommended therapy. The primary outcome was a composite of death from 
cardiovascular causes or hospitalization for heart failure, but the trial was designed 
to detect a difference in the rates of death from cardiovascular causes.

Results

The trial was stopped early, according to prespecified rules, after a median follow-
up of 27 months, because the boundary for an overwhelming benefit with LCZ696 
had been crossed. At the time of study closure, the primary outcome had occurred 
in 914 patients (21.8%) in the LCZ696 group and 1117 patients (26.5%) in the 
enalapril group (hazard ratio in the LCZ696 group, 0.80; 95% confidence interval 
[CI], 0.73 to 0.87; P<0.001). A total of 711 patients (17.0%) receiving LCZ696 and 835 
patients (19.8%) receiving enalapril died (hazard ratio for death from any cause, 
0.84; 95% CI, 0.76 to 0.93; P<0.001); of these patients, 558 (13.3%) and 693 (16.5%), 
respectively, died from cardiovascular causes (hazard ratio, 0.80; 95% CI, 0.71 to 
0.89; P<0.001). As compared with enalapril, LCZ696 also reduced the risk of hospi-
talization for heart failure by 21% (P<0.001) and decreased the symptoms and 
physical limitations of heart failure (P = 0.001). The LCZ696 group had higher pro-
portions of patients with hypotension and nonserious angioedema but lower pro-
portions with renal impairment, hyperkalemia, and cough than the enalapril group.

Conclusions

LCZ696 was superior to enalapril in reducing the risks of death and of hospitaliza-
tion for heart failure. (Funded by Novartis; PARADIGM-HF ClinicalTrials.gov num-
ber, NCT01035255.)
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A ngiotensin-converting–enzyme 
(ACE) inhibitors have been the corner-
stone of the treatment for heart failure 

and a reduced ejection fraction for nearly 25 
years, since enalapril was shown to reduce the 
risk of death in two trials.1,2 Long-term treat-
ment with enalapril decreased the relative risk of 
death by 16% among patients with mild-to-mod-
erate symptoms.2 The effect of angiotensin- 
receptor blockers (ARBs) on mortality has been 
inconsistent,3,4 and thus, these drugs are recom-
mended primarily for patients who have unac-
ceptable side effects (primarily cough) while re-
ceiving ACE inhibitors. Subsequent studies 
showed that the use of beta-blockers and miner-
alocorticoid-receptor antagonists, when added to 
ACE inhibitors, resulted in incremental decreases 
in the risk of death of 30 to 35% and 22 to 30%, 
respectively.5-9

Neprilysin, a neutral endopeptidase, degrades 
several endogenous vasoactive peptides, includ-
ing natriuretic peptides, bradykinin, and adre-
nomedullin.10-12 Inhibition of neprilysin increas-
es the levels of these substances, countering the 
neurohormonal overactivation that contributes 
to vasoconstriction, sodium retention, and mal-
adaptive remodeling.13,14 Combined inhibition of 
the renin–angiotensin system and neprilysin had 
effects that were superior to those of either ap-
proach alone in experimental studies,15,16 but in 
clinical trials, the combined inhibition of ACE 
and neprilysin was associated with serious an-
gioedema.17,18

LCZ696, which consists of the neprilysin in-
hibitor sacubitril (AHU377) and the ARB valsar-
tan, was designed to minimize the risk of serious 
angioedema.19,20 In small trials involving pa-
tients who had hypertension or heart failure with 
a preserved ejection fraction, LCZ696 had hemo-
dynamic and neurohormonal effects that were 
greater than those of an ARB alone.21,22 We ex-
amined whether the long-term effects of LCZ696 
on morbidity and mortality were superior to those 
of ACE inhibition with enalapril in patients 
with chronic heart failure and a reduced ejection 
fraction.

Me thods

Study Oversight

The executive committee designed and oversaw 
the conduct of the trial and data analysis in col-

laboration with the sponsor, Novartis. The trial 
was reviewed by an independent data and safety 
monitoring committee. Data were collected, man-
aged, and analyzed by the sponsor according to a 
predefined statistical analysis plan, and the anal-
yses were replicated by an independent academic 
statistician. The first draft of the manuscript was 
prepared by the first two authors, who had unre-
stricted access to the data, and was reviewed and 
edited by all the authors. All the authors made 
the decision to submit the manuscript for publi-
cation and assume responsibility for the accuracy 
and completeness of the analyses.

Study Design

The study design has been reported previous-
ly.23,24 The trial protocol and the statistical analy-
sis plan (included in the Supplementary Appen-
dix) are available with the full text of this article 
at NEJM.org. The trial was approved by the ethics 
committee at each study center. All the patients 
provided written informed consent.

The study consisted of three phases: the screen-
ing period; a single-blind run-in period during 
which all patients received enalapril, which was 
followed by a single-blind run-in period during 
which all patients received LCZ696, to ensure an 
acceptable side-effect profile of the study drugs at 
target doses; and double-blind treatment in the 
two study groups.

Study Patients

Eligibility requirements at screening included an 
age of at least 18 years, New York Heart Association 
(NYHA) class II, III, or IV symptoms, and an ejec-
tion fraction of 40% or less (which was changed 
to 35% or less by an amendment to the protocol 
on December 15, 2010). Patients were required to 
have a plasma B-type natriuretic peptide (BNP) 
level of at least 150 pg per milliliter (or an N-termi-
nal pro-BNP [NT-proBNP] level ≥600 pg per mil-
liliter) or, if they had been hospitalized for heart 
failure within the previous 12 months, a BNP of 
at least 100 pg per milliliter (or an NT-proBNP 
≥400 pg per milliliter). Patients taking any dose 
of an ACE inhibitor or ARB were considered for 
participation, but for at least 4 weeks before screen-
ing, patients were required to take a stable dose of 
a beta-blocker and an ACE inhibitor (or ARB) equiv-
alent to at least 10 mg of enalapril daily.23

Exclusion criteria included symptomatic hypo-
tension, a systolic blood pressure of less than 

A video summary 
is available at 

NEJM.org 
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100 mm Hg at screening or 95 mm Hg at random-
ization, an estimated glomerular filtration rate 
(eGFR) below 30 ml per minute per 1.73 m2 of 
body-surface area at screening or at randomization 
or a decrease in the eGFR of more than 25% 
(which was amended to 35%) between screening 
and randomization, a serum potassium level of 
more than 5.2 mmol per liter at screening (or 
above 5.4 mmol per liter at randomization), or a 

history of angioedema or unacceptable side ef-
fects during receipt of ACE inhibitors or ARBs.

Study Procedures

Eligible patients were switched from the ACE in-
hibitor or ARB that they had been receiving to 
single-blind treatment with enalapril (at a dose 
of 10 mg twice daily) for 2 weeks. If no unaccept-
able side effects occurred, this regimen was fol-

8442 Underwent randomization

9419 Entered LCZ696 run-in phase
(median duration, 29 days; IQR, 26–35)

977 Discontinued study
547 (5.8%) Had adverse event
58 (0.6%) Had abnormal laboratory

or other test result
100 (1.1%) Withdrew consent
146 (1.6%) Had protocol deviation, 

had administrative problem, or 
were lost to follow-up

47 (0.5%) Died
79 (0.8%) Had other reasons

10,513 Patients entered enalapril run-in phase
(median duration, 15 days; IQR, 14–21)

1102 Discontinued study
591 (5.6%) Had adverse event
66 (0.6%) Had abnormal laboratory

or other test result
171 (1.6%) Withdrew consent
138 (1.3%) Had protocol deviation, 

had administrative problem, or 
were lost to follow-up

49 (0.5%) Died
87 (0.8%) Had other reasons

4187 Were assigned to receive LCZ696
4176 Had known final vital status

11 Had unknown final vital status

4212 Were assigned to receive enalapril
4203 Had known final vital status

9 Had unknown final vital status

43 Were excluded
6 Did not undergo valid randomization

37 Were from four sites prematurely
closed because of major GCP violations

Figure 1. Screening Criteria, Run-in Periods, and Randomization.

The proportion of patients who withdrew from the study because of adverse events was higher during the enalapril 
run-in period than during the LCZ696 run-in period after adjustment for the longer duration of LCZ696 exposure. 
The most common reasons for withdrawal from the study during the run-in period were hypotension, cough, hyper-
kalemia, and renal dysfunction. During the run-in period, 8 patients did not take enalapril and took only LCZ696. 
IQR denotes interquartile range, and GCP Good Clinical Practice.
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lowed by single-blind treatment with LCZ696 for 
an additional 4 to 6 weeks (initially at a dose of 
100 mg twice daily, which was increased to 200 mg 
twice daily). (The ARB component of the 200-mg 

dose of LCZ696 is equivalent to 160 mg of valsar-
tan.) During this run-in period, to minimize the 
risk of angioedema caused by overlapping ACE 
and neprilysin inhibition, enalapril was withheld a 

Table 1. Characteristics of the Patients at Baseline.*

Characteristic
LCZ696

(N = 4187)
Enalapril

(N = 4212)

Age — yr 63.8±11.5 63.8±11.3

Female sex — no. (%) 879 (21.0) 953 (22.6)

Race or ethnic group — no. (%)†

White 2763 (66.0) 2781 (66.0)

Black 213 (5.1) 215 (5.1)

Asian 759 (18.1) 750 (17.8)

Other 452 (10.8) 466 (11.1)

Region — no. (%)

North America 310 (7.4) 292 (6.9)

Latin America 713 (17.0) 720 (17.1)

Western Europe and other‡ 1026 (24.5) 1025 (24.3)

Central Europe 1393 (33.3) 1433 (34.0)

Asia–Pacific 745 (17.8) 742 (17.6)

Systolic blood pressure — mm Hg 122±15 121±15

Heart rate — beats/min 72±12 73±12

Body-mass index§ 28.1±5.5 28.2±5.5

Serum creatinine — mg/dl 1.13±0.3 1.12±0.3

Clinical features of heart failure

Ischemic cardiomyopathy — no. (%) 2506 (59.9) 2530 (60.1)

Left ventricular ejection fraction — % 29.6±6.1 29.4±6.3

Median B-type natriuretic peptide (IQR) — pg/ml 255 (155–474) 251 (153–465)

Median N-terminal pro–B-type natriuretic peptide (IQR)  
— pg/ml

1631 (885–3154) 1594 (886–3305)

NYHA functional class — no. (%)¶

I 180 (4.3) 209 (5.0)

II 2998 (71.6) 2921 (69.3)

III 969 (23.1) 1049 (24.9)

IV 33 (0.8) 27 (0.6)

Missing data 7 (0.2) 6 (0.1)

Medical history — no. (%)

Hypertension 2969 (70.9) 2971 (70.5)

Diabetes 1451 (34.7) 1456 (34.6)

Atrial fibrillation 1517 (36.2) 1574 (37.4)

Hospitalization for heart failure 2607 (62.3) 2667 (63.3)

Myocardial infarction 1818 (43.4) 1816 (43.1)

Stroke 355 (8.5) 370 (8.8)

Pretrial use of ACE inhibitor‖ 3266 (78.0) 3266 (77.5)

Pretrial use of ARB‖ 929 (22.2) 963 (22.9)
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day before the initiation of treatment with LCZ696, 
and LCZ696 was withheld a day before random-
ization.

Patients who had no unacceptable side effects 
of the target doses of the two study medications 
were randomly assigned in a 1:1 ratio to double-
blind treatment with either enalapril (at a dose 
of 10 mg twice daily) or LCZ696 (at a dose of 
200 mg twice daily) with the use of a computer-
ized randomization system involving concealed 
study-group assignments. Patients were evaluated 
every 2 to 8 weeks during the first 4 months of 
double-blind therapy and every 4 months there-
after. The dose of the study drug could be reduced 
in patients who had unacceptable side effects at 
target doses.

Study Outcomes

The primary outcome was a composite of death 
from cardiovascular causes or a first hospitaliza-
tion for heart failure. The secondary outcomes were 
the time to death from any cause, the change from 
baseline to 8 months in the clinical summary score 
on the Kansas City Cardiomyopathy Questionnaire 
(KCCQ)25 (on a scale from 0 to 100, with higher 
scores indicating fewer symptoms and physical 
limitations associated with heart failure), the 
time to a new onset of atrial fibrillation, and the 

time to the first occurrence of a decline in renal 
function (which was defined as end-stage renal 
disease or as a decrease in the eGFR of at least 
50% or a decrease of more than 30 ml per minute 
per 1.73 m2 from randomization to less than 60 ml 
per minute per 1.73 m2). Adjudication of these 
outcomes was carried out in a blinded fashion by 
a clinical-end-points committee according to pre-
specified criteria.

Statistical Analysis

We estimated that the annual rate of the primary 
end point would be 14.5% and the rate of death 
from cardiovascular causes would be 7.0% in the 
enalapril group. Calculation of the sample size was 
based on mortality from cardiovascular causes. We 
estimated that we would need to follow approxi-
mately 8000 patients for 34 months, with 1229 
deaths from cardiovascular causes, to provide 
the study with a power of 80% to detect a relative 
reduction of 15% in the risk of death from car-
diovascular causes in the LCZ696 group, at an 
overall two-sided alpha level of 0.05. On the basis 
of these calculations, we estimated that the pri-
mary end point would occur in 2410 patients, 
which would provide a power of 97% to detect a 
15% reduction in the risk of this outcome.

The data and safety monitoring committee 

Table 1. (Continued.)

Characteristic
LCZ696

(N = 4187)
Enalapril

(N = 4212)

Treatments at randomization — no. (%)

Diuretic 3363 (80.3) 3375 (80.1)

Digitalis 1223 (29.2) 1316 (31.2)

Beta-blocker 3899 (93.1) 3912 (92.9)

Mineralocorticoid antagonist 2271 (54.2) 2400 (57.0)

Implantable cardioverter–defibrillator 623 (14.9) 620 (14.7)

Cardiac resynchronization therapy 292 (7.0) 282 (6.7)

* Plus–minus values are means ±SD. There were no significant differences between the two groups except for the use of 
digitalis (P = 0.04) and mineralocorticoid-receptor antagonists (P = 0.01), with values not adjusted for multiple testing. 
Percentages may not total 100 because of rounding. More details about the baseline characteristics are provided in 
Section 3 in the Supplementary Appendix. To convert the values for creatinine to micromoles per liter, multiply by 88.4. 
IQR denotes interquartile range.

† Race or ethnic group was reported by the investigators.
‡ This category includes South Africa and Israel.
§ The body-mass index is the weight in kilograms divided by the square of the height in meters.
¶ The data for New York Heart Association (NYHA) class reflect the status of patients at the time of randomization. Patients 

were required to have at least NYHA class II symptoms at screening.
‖ At the screening visit, 20 patients were not receiving the protocol-required treatment with an angiotensin-converting–

enzyme (ACE) inhibitor or an angiotensin-receptor blocker (ARB), and 45 patients were taking both drugs. Doses of 
pretrial ACE inhibitors and ARBs are provided in the Supplementary Appendix.
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specified that three interim efficacy analyses 
should be conducted after the accrual of one 
third, one half, and two thirds of the events, and 
the statistical stopping guideline for a compel-
ling benefit required a one-sided nominal P value 
of less than 0.0001 at the first analysis and less 
than 0.001 at the second and third analyses in 
favor of LCZ696 for both death from cardiovas-
cular causes and the primary end point. On 
March 28, 2014, at the third interim analysis 
(after enrollment had been completed), the com-
mittee informed the two coprincipal investiga-
tors that the prespecified stopping boundary for 
an overwhelming benefit had been crossed. The 

executive committee voted to stop the trial and 
selected March 31, 2014, as the cutoff date for 
all efficacy analyses; the sponsor accepted this 
decision.

We included data from all patients who had 
undergone a valid randomization in the analyses 
of the primary and secondary outcomes, accord-
ing to the intention-to-treat principle. A sequen-
tially rejective procedure was used for analysis of 
the secondary efficacy end points, with the first 
two secondary end points at the highest level of 
the testing sequence. (For details, see the statisti-
cal analysis plan in the Supplementary Appendix.) 
Time-to-event data were evaluated with the use 

Enalapril

Enalapril
Enalapril

Enalapril

C
um

ul
at

iv
e 

Pr
ob

ab
ili

ty

1.0

0.4

0.6

0.5

0.3

0.2

0.1

1.0

0.4

0.6

0.5

0.3

0.2

0.1

1.0

0.4

0.6

0.5

0.3

0.2

0.1

1.0

0.4

0.6

0.5

0.3

0.2

0.1

0.0
0 180 360 540 900720 1080 1260

Days since Randomization

C Hospitalization for Heart Failure

A Primary End Point

Hazard ratio, 0.80 (95% CI, 0.73–0.87)
P<0.001

No. at Risk
LCZ696
Enalapril

4187
4212

3922
3883

3663
3579

3018
2922

2257
2123

1544
1488

896
853

249
236

C
um

ul
at

iv
e 

Pr
ob

ab
ili

ty

0.0
0 180 360 540 900720 1080 1260

Days since Randomization

B Death from Cardiovascular Causes

Hazard ratio, 0.80 (95% CI, 0.71–0.89)
P<0.001

No. at Risk
LCZ696
Enalapril

4187
4212

4056
4051

3891
3860

3282
3231

2478
2410

1716
1726

1005
994

280
279

C
um

ul
at

iv
e 

Pr
ob

ab
ili

ty

0.0
0 180 360 540 900720 1080 1260

Days since Randomization

Hazard ratio, 0.79 (95% CI, 0.71–0.89)
P<0.001

No. at Risk
LCZ696
Enalapril

4187
4212

3922
3883

3663
3579

3018
2922

2257
2123

1544
1488

896
853

249
236

C
um

ul
at

iv
e 

Pr
ob

ab
ili

ty

0.0
0 180 360 540 900720 1080 1260

Days since Randomization

D Death from Any Cause

Hazard ratio, 0.84 (95% CI, 0.76–0.93)
P<0.001

No. at Risk
LCZ696
Enalapril

4187
4212

4056
4051

3891
3860

3282
3231

2478
2410

1716
1726

1005
994

280
279

LCZ696

LCZ696
LCZ696

LCZ696

AUTHOR:

FIGURE:

ARTIST:

OLF:Issue date:

AUTHOR, PLEASE NOTE: 
Figure has been redrawn and type has been reset.

Please check carefully.

McMurray

2 of 3

ts

09-11-14 8/30-9/3

Figure 2. Kaplan–Meier Curves for Key Study Outcomes, According to Study Group.

Shown are estimates of the probability of the primary composite end point (death from cardiovascular causes or first hospitalization for 
heart failure) (Panel A), death from cardiovascular causes (Panel B), first hospitalization for heart failure (Panel C), and death from any 
cause (Panel D).
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of Kaplan–Meier estimates and Cox proportional-
hazards models, with treatment and region as 
fixed-effect factors; hazard ratios, 95% confi-
dence intervals, and two-sided P values were 
calculated with the use of the Cox models. We 
assessed the consistency of the treatment effect 
among 18 prespecified subgroups and used a 
repeated-measures covariance model to evalu-
ate the KCCQ score, with baseline values, study 
group, region, study visit, and the interaction 
between study visit and study group as covari-
ates; a score of zero was used for patients who 
had died. We used Fisher’s exact test to compare 
rates of adverse events. Data on symptomatic 
hypotension, worsening renal function, hyper-
kalemia, cough, and angioedema were collected 
prospectively as events of interest.

R esult s

Study Patients

From December 8, 2009, through November 23, 
2012, a total of 10,521 patients at 1043 centers in 
47 countries entered the run-in period. Of these 
patients, 2079 did not fulfill the criteria for ran-
domization, and 43 patients underwent random-

ization erroneously or were enrolled at sites that 
were closed owing to serious Good Clinical Prac-
tice violations; these patients were prospectively 
omitted from all analyses before the end of the 
trial. Accordingly, 4187 patients were randomly 
assigned to receive LCZ696 and 4212 to receive 
enalapril for the intention-to-treat analysis (Fig. 1). 
The groups were balanced with respect to base-
line characteristics. Most patients were receiving 
recommended pharmacologic therapy for chron-
ic heart failure (Table 1).

Study-Drug Administration and Follow-Up

Except for discontinuations owing to death, the 
study drug was discontinued in 746 patients (17.8%) 
receiving LCZ696 and 833 patients (19.8%) receiv-
ing enalapril (P = 0.02). At the last assessment, 
among patients taking the study medication, the 
mean (±SD) doses in the LCZ696 and enalapril 
groups were 375±71 mg and 18.9±3.4 mg, respec-
tively. Eleven patients in the LCZ696 group and 
9 patients in the enalapril group were lost to 
follow-up, and their data were censored at the 
last contact. The median duration of follow-up 
was 27 months, with no significant between-
group difference.

Table 2. Primary and Secondary Outcomes.*

Outcome
LCZ696

(N = 4187)
Enalapril

(N = 4212)

Hazard Ratio  
or Difference  

(95% CI) P Value

Primary composite outcome — no. (%)

Death from cardiovascular causes or first 
hospitalization for worsening heart failure

914 (21.8) 1117 (26.5) 0.80 (0.73–0.87) <0.001

Death from cardiovascular causes 558 (13.3) 693 (16.5) 0.80 (0.71–0.89) <0.001

First hospitalization for worsening heart failure 537 (12.8) 658 (15.6) 0.79 (0.71–0.89) <0.001

Secondary outcomes — no. (%)

Death from any cause 711 (17.0) 835 (19.8) 0.84 (0.76–0.93) <0.001

Change in KCCQ clinical summary score at 8 mo† −2.99±0.36 −4.63±0.36 1.64 (0.63–2.65) 0.001

New-onset atrial fibrillation‡ 84 (3.1) 83 (3.1) 0.97 (0.72–1.31) 0.83

Decline in renal function§ 94 (2.2) 108 (2.6) 0.86 (0.65–1.13) 0.28

* Hazard ratios were calculated with the use of stratified Cox proportional-hazard models. P values are two-sided and were calculated by 
means of a stratified log-rank test without adjustment for multiple comparisons.

† Scores on the Kansas City Cardiomyopathy Questionnaire (KCCQ) range from 0 to 100, with higher scores indicating fewer symptoms and 
physical limitations associated with heart failure. The treatment effect is shown as the least-squares mean (±SE) of the between-group dif-
ference.

‡ A total of 2670 patients in the LCZ696 group and 2638 patients in the enalapril group who did not have atrial fibrillation at the randomiza-
tion visit were evaluated for new-onset atrial fibrillation during the study.

§ A decline in renal function was defined as end-stage renal disease or a decrease of 50% or more in the estimated glomerular filtration rate 
(eGFR) from the value at randomization or a decrease in the eGFR of more than 30 ml per minute per 1.73 m2, to less than 60 ml per min-
ute per 1.73 m2.
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Study Outcomes

Death from cardiovascular causes or hospitaliza-
tion for heart failure (the primary end point) oc-
curred in 914 patients (21.8%) in the LCZ696 
group and 1117 patients (26.5%) in the enalapril 
group (hazard ratio in the LCZ696 group, 0.80; 
95% confidence interval [CI], 0.73 to 0.87; P<0.001 
[exact P = 4.0×10−7]) (Fig. 2A and Table 2). The 
difference in favor of LCZ696 was seen early in 
the trial and at each interim analysis.

A total of 558 deaths (13.3%) in the LCZ696 
group and 693 (16.5%) in the enalapril group 
were due to cardiovascular causes (hazard ratio, 
0.80; 95% CI, 0.71 to 0.89; P<0.001) (Fig. 2B and 
Table 2). Of the patients receiving LCZ696, 537 
(12.8%) were hospitalized for heart failure, as 
compared with 658 patients (15.6%) receiving 
enalapril (hazard ratio, 0.79; 95% CI, 0.71 to 0.89; 
P<0.001) (Fig. 2C and Table 2). Over the duration 
of the trial, the numbers of patients who would 
need to have been treated to prevent one primary 
event and one death from cardiovascular causes 
were 21 and 32, respectively.

A total of 711 patients (17.0%) in the LCZ696 
group and 835 patients (19.8%) in the enalapril 
group died (hazard ratio for death from any cause, 
0.84; 95% CI, 0.76 to 0.93; P<0.001) (Fig. 2D and 
Table 2). The effect of LCZ696 was consistent 
across all prespecified subgroups. A nominally 
significant interaction between NYHA class at 
randomization and the effect of treatment on 
the primary end point (P = 0.03, without adjust-
ment for multiple comparisons) was not seen for 
the interaction between NYHA class and the ef-
fect on death from cardiovascular causes (P = 0.76) 
(Fig. 3).

The mean change from baseline to month 8 
in the KCCQ clinical summary score was a re-
duction of 2.99 points in the LCZ696 group and 

a reduction of 4.63 points in the enalapril group 
(between-group difference, 1.64 points; 95% CI, 
0.63 to 2.65; P = 0.001). When zero values were 
not imputed for patients who died, the score 
improved in the LCZ696 group and declined in 
the enalapril group, and the between-group dif-
ference (0.95 points; 95% CI 0.31 to 1.59) re-
mained significant (P = 0.004).

New-onset atrial fibrillation developed in 84 
patients in the LCZ696 group and 83 patients in 
the enalapril group (P = 0.84) (Table 2). A total of 
94 patients in the LCZ696 group and 108 patients 
in the enalapril group had a protocol-defined de-
cline in renal function (P = 0.28) (Table 2); 8 pa-
tients in the LCZ696 group and 16 in the enalapril 
group had progression to end-stage renal disease 
(P = 0.11).

Safety

Four patients (two in each group) did not start 
the study medication and were excluded from the 
safety analyses. During the run-in period, 12.0% 
of the patients withdrew because of an adverse 
event (most frequently cough, hyperkalemia, re-
nal dysfunction, or hypotension), with a higher 
rate of withdrawal after adjustment for the short-
er duration of treatment in the enalapril group 
than in the LCZ696 group. After randomization, 
patients in the LCZ696 group were more likely 
than those in the enalapril group to have symp-
tomatic hypotension, but these events rarely re-
quired the discontinuation of treatment (Table 3). 
In contrast, cough, a serum creatinine level of 
2.5 mg per deciliter (221 μmol per liter) or 
more, and a serum potassium level of more than 
6.0 mmol per liter were reported less frequently 
in the LCZ696 group than in the enalapril group 
(P<0.05 for all comparisons) (Table 3). Overall, 
fewer patients in the LCZ696 group than in the 
enalapril group stopped their study medication 
because of an adverse event (10.7% vs. 12.3%, 
P = 0.03) or because of renal impairment (0.7% vs. 
1.4%, P = 0.002). The most frequent serious ad-
verse events and adverse events leading to discon-
tinuation of the study drug are summarized in 
Sections 6 and 7 in the Supplementary Appendix.

As compared with the value at randomization, 
the mean systolic blood pressure at 8 months 
was 3.2±0.4 mm Hg lower in the LCZ696 group 
than in the enalapril group (P<0.001) (Section 8 
in the Supplementary Appendix). However, when 
the between-group difference in blood pressure 

Figure 3 (facing page). Prespecified Subgroup Analyses.

Shown are hazard ratios for the primary end point 
(death from cardiovascular causes or first hospitaliza-
tion for heart failure) and for death from cardiovascu-
lar causes among patients in prespecified subgroups. 
The size of the square corresponds to the number of 
patients in each subgroup. Patients who were not tak-
ing a pretrial angiotensin-converting–enzyme (ACE) 
 inhibitor were taking an angiotensin-receptor blocker 
(except for 20 patients who received neither drug be-
fore the trial). GFR denotes glomerular filtration rate, 
NT-proBNP N-terminal pro–B-type natriuretic peptide, 
and NYHA New York Heart Association.
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was modeled as a time-dependent covariate, it was 
not a determinant of the incremental benefit of 
LCZ696. At 8 months, there were no significant 
changes from baseline in heart rate or serum 
creatinine level between the two groups. Angio-
edema was confirmed by blinded adjudication in 
19 patients in the LCZ696 group and in 10 patients 
in the enalapril group (P = 0.13). No patient had 
airway compromise or required mechanical air-
way protection.

Discussion

In our study involving patients with chronic heart 
failure and a reduced ejection fraction, the inhi-
bition of both the angiotensin II receptor and 
neprilysin with LCZ696 was more effective in re-
ducing the risk of death from cardiovascular causes 
or hospitalization for heart failure than was ACE 
inhibition with enalapril. LCZ696 was also supe-
rior to enalapril in reducing the risk of death 
from any cause and reducing symptoms and 
physical limitations of heart failure. The magni-
tude of these advantages of LCZ696 over ACE in-

hibition was highly significant and clinically im-
portant, particularly since the drug was compared 
with a dose of enalapril that has been shown to 
reduce mortality, as compared with placebo.1,2 
The benefit of LCZ696, which was apparent early 
in the trial, was seen in patients who were al-
ready receiving all other drugs known to improve 
survival among patients with heart failure (i.e., 
beta-blockers and mineralocorticoid-receptor an-
tagonists). The benefit with respect to cardiovas-
cular mortality was consistent in all relevant sub-
groups.

Our study was designed to provide evidence 
to support the replacement of ACE inhibitors or 
ARBs with LCZ696 in the management of chronic 
heart failure. The trial was devised to show an 
advantage with respect to cardiovascular mortality 
alone, which was the primary determinant of the 
sample size and for which a statistically compel-
ling effect was required to stop the trial early 
because of a benefit. Although in clinical prac-
tice, many patients with heart failure receive low 
(and potentially subtherapeutic) doses of ACE 
inhibitors and ARBs,26 we included a run-in pe-

Table 3. Adverse Events during Randomized Treatment.*

Event
LCZ696

(N = 4187)
Enalapril

(N = 4212) P Value

no. (%)

Hypotension

Symptomatic 588 (14.0) 388 (9.2) <0.001

Symptomatic with systolic blood pressure <90 mm Hg 112 (2.7) 59 (1.4) <0.001

Elevated serum creatinine

≥2.5 mg/dl 139 (3.3) 188 (4.5) 0.007

≥3.0 mg/dl 63 (1.5) 83 (2.0) 0.10

Elevated serum potassium

>5.5 mmol/liter 674 (16.1) 727 (17.3) 0.15

>6.0 mmol/liter 181 (4.3) 236 (5.6) 0.007

Cough 474 (11.3) 601 (14.3) <0.001

Angioedema†

No treatment or use of antihistamines only 10 (0.2) 5 (0.1) 0.19

Use of catecholamines or glucocorticoids without 
hospitalization

6 (0.1) 4 (0.1) 0.52

Hospitalization without airway compromise 3 (0.1) 1 (<0.1) 0.31

Airway compromise 0 0 —

* Shown are results of the analyses of prespecified safety events at any time after randomization. The numbers of pa-
tients who permanently discontinued a study drug were as follows: for hypotension, 36 (0.9%) in the LCZ696 group 
and 29 (0.7%) in the enalapril group (P = 0.38); for renal impairment, 29 (0.7%) and 59 (1.4%), respectively (P = 0.002); 
and for hyperkalemia, 11 (0.3%) and 15 (0.4%), respectively (P = 0.56).

† Angioedema was adjudicated in a blinded fashion by an expert committee.
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riod to ensure that LCZ696 would be compared 
with doses of enalapril that have been shown to 
reduce mortality. The mean dose of enalapril 
that was used in our study (18.9 mg daily) was 
higher than or similar to the doses used in the 
two trials that showed a survival benefit with 
enalapril in patients with mild-to-moderate or 
severe symptoms (16.6 mg and 18.4 mg, respec-
tively).1,2

The favorable results of our study contrast with 
the disappointing findings in an earlier large-
scale trial involving patients with heart failure,18 
which showed no significant difference in clini-
cal outcomes between enalapril and omapatrilat 
(a drug that inhibits ACE, neprilysin, and amino-
peptidase P). However, in that trial, omapatrilat 
was given once daily (to reflect its use in patients 
with hypertension), even though its pharmaco-
logic advantages over enalapril in patients with 
heart failure were not maintained throughout the 
24-hour dosing interval.18 This experience led us 
to prescribe LCZ696 twice daily in our study popu-
lation, despite its once-daily efficacy in patients 
with hypertension.21

The superiority of LCZ696 over enalapril was 
not accompanied by important safety concerns; 
fewer patients stopped their study medication 
overall or because of an adverse event in the 
LCZ696 group than in the enalapril group. Be-
cause of its greater vasodilator effects, treatment 
with LCZ696 was associated with a higher rate 
of symptomatic hypotension, but there was no 
increase in the rate of discontinuation because 
of possible hypotension-related adverse effects. 
Although the greater hypotensive effect of LCZ696 
might impair renal perfusion, clinically impor-
tant increases in the serum creatinine level and 
discontinuation of the study drug because of re-
nal impairment were less frequent in the LCZ696 
group than in the enalapril group. These effects 
of LCZ696 on renal function are consistent with 
the effects observed in experimental studies15 
and with the findings in earlier trials of omapa-
trilat.18,22 The main safety concern with omapa-
trilat — life-threatening angioedema — was re-
lated to its inhibition of three enzymes responsible 

for the degradation of bradykinin.27 LCZ696, which 
does not inhibit ACE or aminopeptidase P,19,20 
was not associated with an increased risk of seri-
ous angioedema in our study.

Although we recruited patients with at least 
mildly increased levels of natriuretic peptides in 
order to achieve our projected event rate, the 
characteristics of our patients with heart failure 
were similar to those of study populations in 
other relevant trials and patients in the commu-
nity.24,26,28 During enrollment, we evaluated pa-
tients who were already taking various doses of 
ACE inhibitors or ARBs and required that they 
be able to take the equivalent of a relatively low 
dose of enalapril (10 mg daily) without unac-
ceptable side effects. Doses of the study drugs 
were increased to target levels during the run-in 
phase, primarily to ensure that patients in the 
enalapril group received doses that have been 
shown to reduce mortality.2 Only 12% of pa-
tients did not complete the run-in period be-
cause of adverse events, and the rates of adverse 
events were higher for patients receiving enala-
pril than for those receiving LCZ696. Hence, our 
results are applicable to a broad spectrum of 
patients with heart failure, including those who 
are currently taking an ACE inhibitor or ARB or 
who are likely to be able to take such an agent 
without having unacceptable side effects.

In conclusion, angiotensin receptor–neprily-
sin inhibition with LCZ696 was superior to ACE 
inhibition alone in reducing the risks of death 
and of hospitalization for heart failure. The 
magnitude of the beneficial effect of LCZ696, as 
compared with enalapril, on cardiovascular mor-
tality was at least as large as that of long-term 
treatment with enalapril, as compared with pla-
cebo.2 This robust finding provides strong evi-
dence that combined inhibition of the angioten-
sin receptor and neprilysin is superior to 
inhibition of the renin–angiotensin system alone 
in patients with chronic heart failure.

Supported by Novartis.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
We thank Nicola Greenlaw of the Robertson Centre for Bio-

statistics, University of Glasgow, for the statistical analyses.

References
1. The CONSENSUS Trial Study Group. 
Effects of enalapril on mortality in se-
vere congestive heart failure: results of 
the Cooperative North Scandinavian 
Enalapril Survival Study (CONSENSUS). 
N Engl J Med 1987;316:1429-35.

2. The SOLVD Investigators. Effect of 
enalapril on survival in patients with re-
duced left ventricular ejection fractions 
and congestive heart failure. N Engl J Med 
1991;325:293-302.
3. Young JB, Dunlap ME, Pfeffer MA, et 

al. Mortality and morbidity reduction 
with candesartan in patients with chronic 
heart failure and left ventricular systolic 
dysfunction: results of the CHARM low-
left ventricular ejection fraction trials. 
Circulation 2004;110:2618-26.

The New England Journal of Medicine 
Downloaded from nejm.org on June 10, 2020. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 



n engl j med 371;11 nejm.org september 11, 20141004

Angiotensin–Neprilysin Inhibition vs. Enalapril

4. Cohn JN, Tognoni G. A randomized 
trial of the angiotensin-receptor blocker 
valsartan in chronic heart failure. N Engl 
J Med 2001;345:1667-75.
5. Packer M, Coats AJ, Fowler MB, et al. 
Effect of carvedilol on survival in severe 
chronic heart failure. N Engl J Med 
2001;344:1651-8.
6. MERIT-HF Study Group. Effect of 
metoprolol CR/XL in chronic heart fail-
ure: Metoprolol CR/XL Randomised In-
tervention Trial in Congestive Heart Fail-
ure (MERIT-HF). Lancet 1999;353:2001-7.
7. CIBIS-II Investigators and Commit-
tees. The Cardiac Insufficiency Bisoprolol 
Study II (CIBIS-II): a randomised trial. 
Lancet 1999;353:9-13.
8. Pitt B, Zannad F, Remme WJ, et al. 
The effect of spironolactone on morbidity 
and mortality in patients with severe heart 
failure. N Engl J Med 1999;341:709-17.
9. Zannad F, McMurray JJ, Krum H, et al. 
Eplerenone in patients with systolic heart 
failure and mild symptoms. N Engl J Med 
2011;364:11-21.
10. Cruden NL, Fox KA, Ludlam CA, 
Johnston NR, Newby DE. Neutral endo-
peptidase inhibition augments vascular 
actions of bradykinin in patients treated 
with angiotensin-converting enzyme in-
hibition. Hypertension 2004;44:913-8.
11. Rademaker MT, Charles CJ, Espiner 
EA, Nicholls MG, Richards AM, Kosoglou 
T. Neutral endopeptidase inhibition: aug-
mented atrial and brain natriuretic pep-
tide, haemodynamic and natriuretic re-
sponses in ovine heart failure. Clin Sci 
(Lond) 1996;91:283-91.
12. Wilkinson IB, McEniery CM, Bon-
gaerts KH, MacCallum H, Webb DJ, Cock-
croft JR. Adrenomedullin (ADM) in the 
human forearm vascular bed: effect of 
neutral endopeptidase inhibition and 
comparison with proadrenomedullin 
NH2-terminal 20 peptide (PAMP). Br J 
Clin Pharmacol 2001;52:159-64.
13. Maric C, Zheng W, Walther T. Interac-
tions between angiotensin ll and atrial 
natriuretic peptide in renomedullary in-
terstitial cells: the role of neutral endopep-
tidase. Nephron Physiol 2006;103:149-56.

14. Kuhn M. Molecular physiology of na-
triuretic peptide signalling. Basic Res 
Cardiol 2004;99:76-82.
15. Rademaker MT, Charles CJ, Espiner 
EA, Nicholls MG, Richards AM, Kosoglou 
T. Combined neutral endopeptidase and 
angiotensin-converting enzyme inhibi-
tion in heart failure: role of natriuretic 
peptides and angiotensin II. J Cardiovasc 
Pharmacol 1998;31:116-25.
16. Trippodo NC, Fox M, Monticello TM, 
Panchal BC, Asaad MM. Vasopeptidase 
inhibition with omapatrilat improves car-
diac geometry and survival in cardiomyo-
pathic hamsters more than does ACE in-
hibition with captopril. J Cardiovasc 
Pharmacol 1999;34:782-90.
17. Kostis JB, Packer M, Black HR, 
Schmieder R, Henry D, Levy E. Omapa-
trilat and enalapril in patients with hyper-
tension: the Omapatrilat Cardiovascular 
Treatment vs. Enalapril (OCTAVE) trial. 
Am J Hypertens 2004;17:103-11.
18. Packer M, Califf RM, Konstam MA, et 
al. Comparison of omapatrilat and enala-
pril in patients with chronic heart failure: 
the Omapatrilat Versus Enalapril Ran-
domized Trial of Utility in Reducing 
Events (OVERTURE). Circulation 
2002;106:920-6.
19. Gu J, Noe A, Chandra P, et al. Pharma-
cokinetics and pharmacodynamics of 
LCZ696, a novel dual-acting angiotensin 
receptor-neprilysin inhibitor (ARNi). J Clin 
Pharmacol 2010;50:401-14.
20. Hegde LG, Yu C, Renner T, et al. Con-
comitant angiotensin AT1 receptor an-
tagonism and neprilysin inhibition pro-
duces omapatrilat-like antihypertensive 
effects without promoting tracheal plas-
ma extravasation in the rat. J Cardiovasc 
Pharmacol 2011;57:495-504.
21. Ruilope LM, Dukat A, Böhm M, 
Lacourcière Y, Gong J, Lefkowitz MP. 
Blood-pressure reduction with LCZ696, a 
novel dual-acting inhibitor of the angio-
tensin II receptor and neprilysin: a ran-
domised, double-blind, placebo-con-
trolled, active comparator study. Lancet 
2010;375:1255-66.
22. Solomon SD, Zile M, Pieske B, et al. 

The angiotensin receptor neprilysin in-
hibitor LCZ696 in heart failure with pre-
served ejection fraction: a phase 2 double-
blind randomised controlled trial. Lancet 
2012;380:1387-95.
23. McMurray JJ, Packer M, Desai AS, et 
al. Dual angiotensin receptor and neprily-
sin inhibition as an alternative to angio-
tensin-converting enzyme inhibition in 
patients with chronic systolic heart fail-
ure: rationale for and design of the Pro-
spective comparison of ARNI with ACEI 
to Determine Impact on Global Mortality 
and morbidity in Heart Failure trial 
(PARADIGM-HF). Eur J Heart Fail 2013; 
15:1062-73.
24. Idem. Baseline characteristics and 
treatment of patients in Prospective com-
parison of ARNI with ACEI to Determine 
Impact on Global Mortality and morbidity 
in Heart Failure trial (PARADIGM-HF). 
Eur J Heart Fail 2014;16:817-25.
25. Green CP, Porter CB, Bresnahan DR, 
Spertus JA. Development and evaluation 
of the Kansas City Cardiomyopathy Ques-
tionnaire: a new health status measure 
for heart failure. J Am Coll Cardiol 
2000;35:1245-55.
26. Maggioni AP, Anker SD, Dahlström U, 
et al. Are hospitalized or ambulatory 
 patients with heart failure treated in ac-
cordance with European Society of Cardi-
ology guidelines? Evidence from 12,440 
patients of the ESC Heart Failure Long-
Term Registry. Eur J Heart Fail 2013;15: 
1173-84.
27. Fryer RM, Segreti J, Banfor PN, et al. 
Effect of bradykinin metabolism inhibi-
tors on evoked hypotension in rats: rank 
efficacy of enzymes associated with bra-
dykinin-mediated angioedema. Br J Phar-
macol 2008;153:947-55.
28. Fonarow GC, Albert NM, Curtis AB, 
et al. Improving evidence-based care for 
heart failure in outpatient cardiology 
practices: primary results of the Registry 
to Improve the Use of Evidence-Based 
Heart Failure Therapies in the Outpatient 
Setting (IMPROVE HF). Circulation 
2010;122:585-96.
Copyright © 2014 Massachusetts Medical Society.

posting presentations from medical meetings online

Online posting of an audio or video recording of an oral presentation at  
a medical meeting, with selected slides from the presentation, is not considered 

prior publication. Authors should feel free to call or send e-mail to the  
Journal’s Editorial Offices if there are any questions about this policy.

The New England Journal of Medicine 
Downloaded from nejm.org on June 10, 2020. For personal use only. No other uses without permission. 

 Copyright © 2014 Massachusetts Medical Society. All rights reserved. 


