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Angiotensin receptor-neprilysin inhibition with the investigational agent 

LCZ696 was shown to be superior to angiotensin-converting enzyme 

(ACE) inhibition alone with enalapril in reducing mortality risk and 

hospitalization for heart failure with reduced ejection fraction (HFrEF), accord-

ing to results from the landmark trial known as PARADIGM [N Engl J Med. 

2014;371(11):993-1004]. Benefit was apparent early on and was observed in 

patients who were already receiving all other drugs known to improve survival 

among patients with heart failure, thus allowing the trial to end early. First 

Report Managed Care examined this study in a literature review.

Rationale and 
Trial Design

ACE inhibitors have been the gold 
standard for almost 25 years in treating 
HFrEF; beta-blockers and mineralo- 
corticoid-receptor antagonists, when 
added to ACE inhibitors, were subse-
quently shown to decrease the risk of 
death further. The inhibition of nepri-
lysin, a neutral endopeptidase, counters 
neurohormonal overactivation that leads 
to vasoconstriction, sodium retention, 
and maladaptive remodeling, but nepri-
lysin inhibition alone is not effective. 
However, the combined inhibition of 
ACE and neprilysin has been shown 
to lead to life-threatening angioedema.

LCZ696 is an investigational com-
pound consisting of the neprilysin in-
hibitor sacubitril and the angiotensin 
receptor blocker valsartan fused into 1 
molecular complex and was created to 
minimize the risk of serious angioedema. 
In the PARADIGM trial, coprincipal 
investigators John J.V. McMurray, MD, 
University of Glasgow, Scotland, and 

Milton Packer, MD, University of Texas 
Southwestern Medical Center, and col-
leagues examined whether the long-term 
effects of LCZ696 were superior to 
those of ACE inhibition with enalapril 
in patients with chronic HFrEF. “The 
goal of our trial was to find evidence 
convincing enough to replace gold stan-
dard ACE inhibitor therapy; but the 
ACE inhibitor had to be evidence-based 
and given in an evidence-based dose,” 
Dr. McMurray said. 

The primary outcome was a compos-
ite of death from cardiovascular (CV) 
causes or a first hospitalization for heart 
failure. “Although the primary end 
point was a composite of CV death and 
hospitalization, the trial was designed 
to [examine] whether we could dem- 
onstrate a clinically important reduc-
tion in mortality,” Dr. McMurray said. 

Secondary outcomes included time 
to death from any cause, change from 
baseline to 8 months in clinical summary 
score on the Kansas City Cardiomy-
opathy Questionnaire (KCCQ), time to 
new-onset of atrial fibrillation (AF), and 

time to first occurrence of a decline in 
renal function. Time-to-event data were 
calculated using Kaplan-Meier estimates 
and Cox proportional hazards models. 
Fisher’s exact test was used to compare 
rates of adverse events.

Patients were eligible for study inclu-
sion if they were *18 years of age with 
New York Heart Association class 2, 3, 
or 4 and an ejection fraction of )40% 
(which was later changed to )35% 
during the study). There were 3 phases 
of PARADIGM: (1) screening; (2) a 
single-blind, run-in period in which 
all patients received enalapril 10 mg 
twice daily, followed by a single-blind, 
run-in period in which all patients re-
ceived LCZ696 (100 mg twice daily and  
titrated to 200 mg twice daily); and  
(3) subsequent double-blind treatment 
in the 2 study groups. 

Participants moved on from the run-in 
periods only if no unacceptable side ef-
fects occurred. A minimum of 36 hours 
had to elapse between treatment with 
enalapril and LCZ696 during the run-in 
periods to protect patients from being 
exposed to both mechanisms of action, 
which is a point the coprincipal investiga-
tors agreed that cannot be emphasized 
enough. After the run-in periods, eligible 
patients with no unacceptable side ef-
fects were randomized to receive either 
enalapril 10 mg twice daily or LCZ696 
200 mg twice daily and were evaluated 
every 2 to 8 weeks during the first 4 
months of double-blind therapy and 
then every 4 months thereafter. 

A total of 10,521 patients from 47 
countries entered the run-in period be-
tween 2009 and 2012. A total of 4187 
participants were randomized to receive 

LCZ696 and 4212 were randomized 
to receive enalapril for the intention-
to-treat analysis. LCZ696 was discon-
tinued in 746 patients, and enalapril 
was discontinued in 833 patients. Due 
to the trial’s early ending, the median 
duration of follow-up was 27 months.

Clinical Benefit
Results showed a 20% risk reduction 

of the primary end point in the LCZ696 
group: death from CV causes or hos-
pitalization for heart failure occurred 
in 914 patients (21.8%) in the group 
that received LCZ696 and in 1117  
patients (26.5%) who received enalapril 
(LCZ696 cohort: hazard ratio [HR], 
0.8; 95% confidence interval [CI], 0.73-
0.87; P<.001). Death due to CV causes 
occurred in 558 patients (13.3%) who 
received LCZ696 and in 693 patients 
(16.5%) in the enalapril group (HR, 0.8; 
95% CI, 0.71-0.89; P<.0001), which 
also represented a 20% reduction for 
the LCZ696 group (Table). 

“This is important because this  
effectively doubled the effect of enalapril 
on CV death,” Dr. Packer commented. 
“In other words, the effect of enalapril 
on risk reduction of CV death is about 
18%; this was a 20% risk reduction 
on top of that 18% and was highly 
statistically significant.” 

Among those who received LCZ696, 
537 (12.8%) were hospitalized for heart 
failure versus 658 patients (15.6%) who 
received enalapril (HR, 0.79; 95% CI, 
0.71-0.89; P<.001), which translated 
to a 21% reduction in risk. 

“What is remarkable is that not only 
was the primary end point achieved 

“The goal of our trial was to find 
evidence convincing enough to replace 
gold standard angiotensin-converting 

enzyme inhibitor therapy.” 
                          ~John J.V. McMurray, MD

Literature Review:
HEART FAILURE

First Report Managed Care®  WWW.FIRSTREPORTNOW.COM April 2015

25
ANGIOTENSIN-CONVERTING 

ENZYME INHIBITORS
HAVE BEEN THE GOLD STANDARD 
FOR ALMOST

IN TREATING HEART FAILURE WITH 
REDUCED EJECTION FRACTION.

YEARS

LitRev_Heart.indd   21 4/15/15   1:50 PM



robustly, but [also] each of the com-
ponents of that primary end point, and 
all were highly significant in their own 
right,” said Dr. Packer.

Results also showed a 16% relative 
risk reduction for the secondary end 
point of all-cause mortality, which was 
highly statistically significant and essen-
tially represented a doubling of mortality 
reduction for patients given LCZ696: 
711 patients (17%) in the LCZ696 
group and 835 patients (19.8%) in 
the enalapril group died (HR for death 
from any cause, 0.84; 95% CI, 0.76-
0.93; P<.001). 

The effect of LCZ696 was consistent 
across all prespecified subgroups. The 
mean change from baseline to month 8 
in the KCCQ clinical summary score was 
an improvement of 1.64 points for the 
LCZ696 group, which was also statisti-
cally significant. A total of 84 patients 
who received LCZ696 developed new-
onset AF compared with 83 patients in 
the enalapril group (P=.84); 94 and 108 
patients in the LCZ696 and enalapril 
groups, respectively, had a decline in 
renal function; and 8 and 16 patients 
in the LCZ696 and enalapril groups, 
respectively, progressed to end-stage 
renal disease.

Adverse Events
Patients given LCZ696 were more 

likely than those given enalapril to have 
symptomatic hypotension, although 
this rarely required participants to stop 
treatment. Other adverse events included 
cough, serum creatinine level of *2.5 mg/dL, 
and serum potassium level of >6 mmol/L, 

but those were more common among 
patients who took enalapril (P<.05 for 
all comparisons). 

Fewer patients who took LCZ696 
discontinued treatment due to ad-
verse events compared with those who 
took enalapril (10.7% vs 12.3%, re-
spectively; P=.03) or because of renal 
impairment (0.7% vs 1.4%, respec-
tively; P=.002). The researchers also 
found mean systolic blood pressure at 
8 months was 3.2±0.4 mm Hg lower 
in the LCZ696 group compared with 
the enalapril group (P<.001).

Conclusion
The coprincipal investigators pointed 

out that the study population consisted 
of patients who were considered clin- 
ically stable with mild heart failure; 
“The kind that physicians see every 
day,” Dr. Packer said. “What physi-
cians need to understand is that the 

apparently clinically stable patient is 
not that stable—they will have mean-
ingful rates of progression (in mortality, 
hospitalization, quality of life), and 
it is important to reduce the risk of 
worsening over time, even in patients 
who appear to be very clinically stable 
and look like they are doing well.”

In conclusion, Dr. McMurray added, 
“Compared with an evidence-based 
dose of the current gold-standard 
ACE inhibitor, the angiotensin re-
ceptor–neprilysin inhibitor, LCZ696, 
substantially reduced the risk of both 
death and hospitalization, as well as 
maintained health-related quality 
of life in patients otherwise treated 
with the standard of pharmacological 
care. These statistically robust find-
ings, along with excellent tolerability, 
strongly support the replacement of 
an ACE inhibitor with LCZ696 as 
the new cornerstone of therapy for 
[HFrEF].”—Mary Mihalovic 

Table. Study Outcomes

Outcome LCZ696
(n=4187)

Enalapril
(n=4212)

HR 
(95% CI) P  Value

Primary Composite 
Outcome
   -  Death from CV 

causes or first 
hospitalization for 
worsening heart 
failure

   -  Death from CV 
causes

   -  First hospitalization 
for worsening heart 
failure

914 (21.8%)

558 (13.3%)

537 (12.8%)

1117 (26.5%)

693 (16.5%)

658 (15.6%)

0.8 (0.73-0.87)

0.8 (0.71-0.89)

0.79 (0.71-0.89)

<.001

<.001

<.001

Secondary Outcomes
   -  Death from any 

cause
   -  Change in KCCQ 

clinical summary 
score at 8 months

   -  New-onset AF
   -  Decline in renal 

function

711 (17%)

–2.99

84 (3.1%)
94 (2.2%)

835 (19.8%)

–4.63

83 (3.1%)
108 (2.6%)

0.84 (0.76-0.93)

1.64 (0.63-2.65)

0.97 (0.72-1.31)
0.86 (0.65-1.13)

<.001

.001

.83

.28

HR=hazard ratio; CI=confidence interval; CV=cardiovascular; KCCQ=Kansas City Cardiomyopathy Questionnaire;  
AF=atrial fibrillation.
Source: N Engl J Med. 2014;371(11):993-1004.

Among those who received LCZ696, 
537 (12.8%) were hospitalized for 
heart failure versus 658 patients 
(15.6%) who received enalapril.
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