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Take-Home Message:  

Combined inhibition of the angiotensin receptor and neprilysin has a mortality benefit that is superior to 

inhibition of the renin-angiotensin system alone in patients with chronic systolic heart failure (EF <35%). 

In our careers, this new class of medications (vasopeptidase inhibitors) will likely change standard 

treatment for HFrEF, and based on the results of the PARADIGM-HF trial, the study drug 

sacubitril/valsartan (now branded as Entresto by Novartis) was approved by the FDA in July 2015. 

 

Executive Summary:  

For decades, best-practice treatment for HFrEF has included the use of ACE inhibitors, as enalapril was 

shown to reduce mortality in both the CONSENSUS Trial in 1987 and SOLVD Trial in 1991. However, 

several endogenous vasoactive peptides (including neprilysin) have been identified to contribute to the 

neurohormonal over-activation which leads to vasoconstriction, sodium retention and maladaptive 

remodeling in patients with decompensated HFrEF, and thus combined inhibition of the both the renin-

angiotensin system and one or more endogenous vasoactive peptides has been the target of new 

therapies for these patients. Initially, the drug omapatrilat – a combined ACE and vasopeptidase 

inhibitor (targeting vasoactive peptides neprilysin and aminopeptidase P) was trialed for treatment of 

hypertension as well as treatment of patients with HFrEF but found to increase life-threatening 

angioedema (OCTAVE and OVERTURE trials from 2004 and 2002, respectively). Therefore, omapatrilat 

was never incorporated into clinical practice.  

 

The PARADIGM-HF study was a randomized double-blind trial comparing a new study drug LCZ696 

which combines inhibition of the angiotensin receptor and neprilysin (valsartan/sacubitril at a dose of 

200 mg twice daily) to the ACE inhibitor enalapril (at a dose of 10 mg twice daily) in addition to 

recommended therapy in patients with class II, III or IV heart failure with EF <40%. The primary outcome 

was a composite of death from cardiovascular causes or hospitalization from heart failure, and the trial 

was designed specifically to detect a difference in mortality from cardiovascular causes. There were 

8,442 patients included in the multi-center study (n=4187 in LCZ696 group, n = 4212 in enalapril group, 

intention to treat analysis utilized), and the trial was stopped early after median follow-up of 27 months 

due to overwhelming benefit of the new drug LCZ696. At the closure of the study, the primary outcome 

occurred in 21.8% of patients in the LCZ696 group, compared to 26.5% in the enalapril group (hazard 

ratio 0.80; 95% CI 0.73-0.87, p<0.001). Death from cardiovascular causes occurred in 13.3% of patients 

in the LCZ696 group vs 16.5% of patients in the enalapril group (hazard ratio 0.80; 95% CI 0.71-0.89, 

p<0.001). The number needed to treat to prevent one primary event and one death from cardiovascular 

causes were 21 and 32, respectively. Of note, patients taking LCZ696 had more hypotension and non-

serious angioedema (though not statistically significant), but less renal impairment, hyperkalemia and 

cough than those taking enalapril.   

 



Guidelines  

The PARADIGM-HF study results are not yet reflected by any major guidelines. The most-recent 2013 

ACCF/AHA Joint Guidelines for the Management of Heart Failure endorse use of ACE inhibitors or ARBs 

for patients with HFrEF (Level of Evidence A) but do not yet include guidelines regarding use of 

vasopeptidase inhibitors.  

 

Practice changer?  

The results of the PARADIGM-HF trial and subsequent recent approval of sacubitril/valsartan (aka 

Entresto) by the FDA indicate that vasopeptidase inhibitors will likely change clinical practice for the 

treatment of patients with HFrEF during our careers. It remains to be seen how quickly use of this newly 

approved medication is adopted throughout the medical community, as well as what the financial cost 

to our patients will be.  

 

 

The following will be included as a linked attachment in the weekly announcements: 

Design  

Study design:  Multicenter, double-blind, randomized controlled trial 

 Patients: N=8,442 

o Intervention: LCZ696 (n=4,187) 

o Control: Enalapril (n=4,212) 

 Setting: 1,043 centers in 47 countries 

 Enrollment: December 2009 to November 2012 

 Analysis: intention-to-treat 

 Mean follow-up: 27 months 

 

Population 

 Inclusion Criteria 

o Age >=18 

o NYHA class II, III or IV symptoms and EF of 40% or less, later changed to 35% or less. 

o BNP >150 pg per milliliter or NT-proBNP >600 pg per milliliter 

o Tolerate stable dose of beta-blocker and ACEI or ARB for at least 4 weeks before screening 

o Tolerate target doses of both study medications during run-in period 

 Exclusion Criteria 

o Symptomatic hypotension 

o Systolic BP less than 100 mmHg 

o EGFR <30 ml/min 

o Serum potassium >5.2 mmol/L 

o History of angioedema or unacceptable side effects during receipt of ACE inhibitors or ARBs 

 Baseline Characteristics 

o Mean age: 63 years 

o Female sex ~22% 

o White 66% 

o NYHA functional class I=5%, II=70%, III=24%, IV=1% 



o Hypertension 70% 

o Prior MI 43% 

o Pretrial use of ACE inhibitor 78% 

 

Interventions 

 Patient who had no unacceptable side effects during the run-in period were randomized to LCZ696 (at 

dose of 200 mg twice daily) vs. enalapril (10 mg twice daily) in double-blind fashion 

 Patients were evaluated every 2 to 8 weeks for the first 4 months and every 4 months thereafter 

 

Outcomes 

Comparisons are study drug LCZ696 vs. standard therapy enalapril (ACE inhibitor) 

 Primary Outcomes 

o Death from cardiovascular causes or first hospitalization for worsening heart failure 
 21.8% vs. 26.5% (HR 0.80; 95% CI 0.73-0.87; P<0.001) 

o Death from cardiovascular causes 
 13.3% vs. 16.5% (HR 0.80; 95% CI 0.71-0.89; P<0.001) 

o First hospitalization for worsening heart failure 
 12.8% vs. 15.6% (HR 0.79; 95% CI 0.71-0.89; P<0.001) 

 Secondary Outcomes 

o Death from any cause 
 17.0% vs. 19.8% (HR 0.84; 95% CI 0.76-0.93; P<0.001) 

o Change in KCCQ clinical summary score at 8 mo. 
 -2.99+/-0.36 vs.-4.63+/-0.36 (HR 1.64; 95% CI 0.63-2.65; P=0.001) 

o New-onset atrial fibrillation 
o Decline in renal function 

 2.2% vs. 2.6% (HR 0.86; 95% CI 0.65-1.13; P=0.28) 

 Significant Adverse Events  

o Hypotension 

 Symptomatic 14% vs. 9.2%, P<0.001 

 Symptomatic with SBP <90 mmHg 2.7% vs 1.4%, P<0.001 

o Elevated serum creatinine >=2.5 mg/dl 3.3% vs. 4.5%, P=0.007 

o Elevated serum potassium >=6.0 mmol/L 4.3% vs. 5.6%, P=0.007 

o Cough 11.3% vs. 14.3%, P<0.001 

 

Criticisms 

One of the main criticisms of PARADIGM-HF is that the trial design involved a “run-in-period” during 

which patients were first given enalapril to ensure it was tolerable (and excluded if it wasn’t) and then 

also given LCZ696 (and excluded if not tolerable). As this is not how the drug is likely to be prescribed in 

practice, the study may over-estimate the tolerability of this new medication and minimize the number 

of patients who may have potential side-effects.   
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