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Abstract: Despite the significant advances in the diagnosis and treatment of heart failure (HF), the disease 

predisposes individuals to a higher risk of re-hospitalization, mortality and morbidity worldwide. Inspite of the 

presence of several drugs such as angiotensin-converting enzyme inhibitors (ACEI), beta-adrenergic blockers, 

angiotensin receptor blockers (ARB), and aldosterone antagonists for HF, patients with the illness continue to 

have a downward spiral due to the disease progression. After more than a decade, a new fixed dose 

combination has been approved for HF, namely Sacubitril-valsartan. While valsartan is a well-known molecule 

that blocks angiotensin type 2 receptor, sacubitril is a neprilysin inhibitor.   Sacubitril/valsartan an ARNI 

(angiotensin receptor antagonist/neprilysin inhibitor) has been approved for the treatment of HF with reduced 

ejection fraction in USA, Europe and Canada. The drug has demonstrated an excellent safety profile, and the 

drug is purported to become a block-buster for the treatment of HF based on its commendable results in the 

PARADIGM-HF trial.  
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I. Introduction 
Despite the significant advances in the diagnosis and treatment of heart failure (HF), the disease 

continues to remain at a higher risk of re-hospitalization, mortality and morbidity worldwide. “Heart failure is 

defined as the pathophysiologic state in which an abnormality of cardiac function is responsible for the failure of 

the heart to pump blood at a rate commensurate with the requirements of the metabolizing tissues” [1]. The 

overall estimated prevalence of HF in India was found to be about 1% of the total population or about 8–10 

million individuals. The re-hospitalization rate among HF patients has increased over the years, causing a major 

financial burden on HF patients [2]. The advances in pharmacology lead to the development of drug molecules 

such as angiotensin-converting enzyme inhibitors (ACEI), beta-adrenergic blockers, angiotensin receptor 

blockers (ARB), and aldosterone antagonists for the treatment of chronic HF with reduced ejection fraction 

(HFrEF) [3]. However, there is still a need for a novel molecule in HF, due to the relentless progression of the 

disease resulting in increased mortality and morbidity.  This lead to the development of an innovative drug 

named Sacubitril/valsartan (LCZ696), which is an angiotensin receptor neprilysin inhibitor (ARNI). The 

working of the drug was based on the simultaneous mechanism: neprilysin inhibition and angiotensin-II receptor 

blockade. The innovative drug was formerly named as LCZ696 [4]. The safety, efficacy and tolerability profile 

of this drug were studied separately under various trials, and the drug has been approved in USA, Europe and 

Japan for the treatment of HF. This review is an attempt to describe the history of Sacubitril/valsartan, their 

mechanism of action, efficacy, safety and its current status.  

Mechanism of action:      

Valsartan/Sacubitril is a novel combination of sacubitril and valsartan with a 1:1 molar ratio. The fixed 

dose combination (FDC) of the novel molecule is sacubitril/valsartan (24 & 26 mg), (49 & 51 mg) and (97 & 

103 mg). The novel drug molecule consists of two active components namely valsartan, an angiotensin-II 

receptor blocker and sacubitril, a neprilysin inhibitor. Valsartan inhibits the activation of angiotensin II receptor 

type 1 (AT1), which in turn causes vasodilation, reduction in the production and secretion of aldosterone, an 

increase in the excretion of sodium and water through the kidneys that causes a reduction in the blood volume. 

Sacubitril is a neprilysin inhibitor which is responsible for the inhibition of neprilysin enzyme via LBQ657, an 

active metabolite of sacubitril. Neprilysin is an endopeptidase that causes the degradation of various vasoactive 

peptides such as natriuretic peptides, bradykinin, and adrenomedullin. The blocking of neprilysin enzyme will 

enhance the production of the natriuretic peptides, which in turn reduces the vasoconstriction, sodium retention 

and maladaptive remodelling [5, 6]. Therefore, the combination of sacubitril and valsartan has been found to be 

a novel approach for the treatment of chronic heart failure (CHF) patients with reduced ejection fraction. 

 

Pharmacokinetics: 

Valsartan/Sacubitril is available in the form of an oral tablet. After the oral administration of 

Valsartan/Sacubitril, the drug is dissociated into two forms: sacubitril and valsartan. The drug molecule 
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sacubitril is further metabolized into LBQ657. The drug molecules sacubitril, LBQ657 and valsartan reach their 

peak plasma concentration at 0.5 hours, 2 hours and 1.5 hours respectively. After the oral administration of 

valsartan/sacubitril, about 52% to 68% of sacubitril and 13% of valsartan and its other metabolites are 

eliminated in the urine. About 42% of sacubitril and LBQ657 and 86% of valsartan are excreted in the faeces. 

The terminal half life (T1/2) of the drug components sacubitril, LBQ657, and valsartan are approximately 1.4 

hours, 11.5 hours, and 9.9 hours, respectively. The administration of the drug did not show significant food-drug 

interactions. The administration of sacubitril/valsartan is restricted to patients who are already on Angiotensin-

converting enzyme (ACE) inhibitors. The starting dosage of sacubitril/valsartan should be reduced to (24/26) 

mg twice daily for patients suffering with severe renal impairment and moderate hepatic impairment. According 

to the patient’s tolerability, the dosage can be doubled every two to four weeks to attain a target maintenance 

dose of 97/103 mg (sacubitril/valsartan) twice-daily according to the patient’s tolerability [7].   

 

Efficacy of sacubitril/valsartan in HF:    

The PARAMOUNT trial was a phase 2, randomised, parallel-group, double-blind multicentre trial, 

where 301 HF patients with (NYHA class II-IV with a LVEF<40%) were randomized to receive  LCZ696 

titrated to 200 mg twice daily or valsartan titrated to 160 mg twice daily, and were treated for 36 weeks. The 

primary end point of the study was the change in the N-terminal pro–B-type NP (NT-proBNP) levels from 

baseline to 12 months. At the end of 12 months the NT-proBNP levels were significantly lower in the LCZ696 

group (ratio of change LCZ696/valsartan 0.77, 95% CI 0.64-0.92, p=0.005) than the valsartan group. Therefore, 

the LCZ696 significantly lowered the NT-proBNP level, a marker of left ventricular wall stress [8].  

The Prospective Comparison of ARNI [angiotensin receptor–neprilysin inhibitor] with ACEI [ACE inhibitor] to 

Determine Impact on Global Mortality and Morbidity in Heart Failure (PARADIGM-HF) was a randomized, 

double-blind, phase III trial, which was conducted to evaluate the long-term effects of sacubitril/valsartan 

among 8442 chronic symptomatic HF patients with reduced ejection fraction (NYHA class II-IV with a left 

ventricular ejection fraction (LVEF<40%). The primary end point of the study was composite of mortality due 

to cardiovascular diseases and first hospitalization for HF. The secondary outcome measures included time to 

death from any cause, quality of life (QOL) Kansas City Cardiomyopathy Questionnaire (KCCQ), time to the 

new onset of atrial fibrillation and decline in renal function. The study subjects were randomly assigned in a 1:1 

ratio to receive either 10 mg of enalapril twice daily or 200 mg of LCZ696. After the median duration of 27 

months of follow-up, the primary outcome measures were compared using the using Kaplan-Meir estimates. 

The total number of deaths due to cardiovascular diseases was 558 (13.3%) in the LCZ696 group and 693 

(16.5%) in the enalapril group (hazard ratio, 0.80; 95% CI, 0.71 to 0.89; P<0.001). The total number of patients 

hospitalized for HF was 537 (12.8%) in the LCZ696 group and 658 patients (15.6%) in the enalapril (hazard 

ratio, 0.79; 95% CI, 0.71 to 0.89; P<0.001) group. The secondary outcome measure of death due to any cause 

was significantly lower in the LCZ696 group (hazard ratio for death from any cause, 0.84; 95% CI, 0.76 to 0.93; 

P<0.001) when compared to the enalapril group. Furthermore, the LCZ696 group showed an improvement in 

the QOL than the (between-group difference, 1.64 points; 95% CI, 0.63 to 2.65; P = 0.001) enalapril group. 

Therefore, the drug molecule LCZ696 was found to be superior to the gold standard drug enalapril for the 

treatment of HF [9].  The PARADIGM-HF study has lead to several other analyses that has provided 

understanding about the potential benefits of sacubitril/valsartan. Another study sought to determine if LCZ696 

reduced the rates of hospital readmission at 30 days following the HF hospitalization. In this study, the 

investigators of the PARADIGM-HF study reported the   hospitalizations for HF in both the LCZ696 and 

enalapril treatment groups. A total of 2,383 investigators reported HF hospitalizations, among which 1,307 

(54.8%) occurred in the enalapril group and 1,076 (45.2%) occurred in the LCZ696 group. The rates of 

readmission for any cause at 30 days were significantly lower in the (17.8%) LCZ696 group (odds ratio: 0.74; 

95% confidence interval: 0.56 to 0.97; p=0.031) when compared to the (21%) enalapril treatment (21%) group. 

Similarly, the rates of readmission for HF was significantly lower in the LCZ696 group (9.7% vs. 13.4%; odds 

ratio: 0.62; 95% confidence interval: 0.45 to 0.87; p=0.006) than the enalapril group [10]. Therefore, LCZ696 

has an effect on the reduction in the 30 day HF readmission.  

During the PARADIGM-HF trial health related quality of life (HRQL) outcome, the Kansas City 

Cardiomyopathy Questionnaire (KCCQ) was measured among 7623 patients at 8 months. At the end of 8 

months, the LCZ696 group demonstrated a significant improvement in both KCCQ clinical summary score 

(+0.64 versus −0.29; P=0.008) and KCCQ overall summary score (+1.13 versus −0.14; P<0.001) compared to 

the enalapril group. These findings show that LCZ696 lead to a better HRQL among LCZ696 patients [11]. 

Furthermore, the marker of left ventricular wall stress NT-proBNP, was quantified among 2,080 patients of the 

PARADIGM-HF trial. The levels of biomarker were measured at baseline, 1 and 8 month. At 1 month the 

median NT-proBNP levels was significantly lower in the LCZ696 than the enalapril group, with a fall of <1,000 

pg/ml in (31%) versus (17%) between the treatment groups respectively. However, there was no significant 

correlation between NT-proBNP levels and primary end point (the first occurrence of cardiovascular death or 
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HF hospitalization) [12]. Therefore, the fixed dose combination of drug molecule sacubitril/valsartan was given 

recommendation in the ACC/AHA/HFSA and ESC Guidelines for the reduction of morbidity and mortality [13, 

14].  

 

Safety and tolerability of sacubitril/valsartan in HF patients: 

Some of the most commonly reported adverse effects (AEs) were hypotension, angioedema, renal 

impairment and hyperkalemia. The above mentioned AEs were reported in the PARADIGM-HF phase III trial. 

In the PARADIGM-HF trial, the study drugs was given to the HF patients during the run-in period which 

comprised of two week run-in phase with enalapril, that was followed by four to six weeks run-in phase with 

sacubitril/valsartan. The run-in phase of the trial was conducted to ensure the tolerability of study drugs among 

the HF patients. During the run-in phase of the trial about 1102 subjects discontinued the study after the 

enalapril run-in phase, and 977 subjects discontinued the study after the sacubitril/valsartan run-in phase. One of 

the reasons for the discontinuation of the study was due to AEs which included hypotension, angioedema, renal 

impairment, hyperkalemia, cough and laboratory abnormalities [9]. Some of the contra indications of 

sacubitril/valsartan include history of angioedema related to previous ACE inhibitor or ARB therapy, 

concomitant use of ACE inhibitors, concomitant use of aliskiren among diabetic patients and patients exposed to 

hypersensitivity to any component. The warnings and precautions associated with the drug molecule include 

fetal toxicity, angioedema, hypotension, impaired renal function, and hyperkalemia. The administration of 

sacubitril/valsartan is not recommended among pregnant as it can cause harm to the foetus, and lactating 

women. Cases have been reported that pregnant women taking valsartan resulted in the spontaneous abortion, 

oligohydramnios, and newborn renal dysfunction [7, 15]. Moreover, the safety and efficacy of 

sacubitril/valsartan has not been established in the pediatric population, and dose adjustments are required when 

administered among patients with hepatic and renal impairment.  

 

Current regulatory status:    

The US FDA approved the innovative drug sacubitril/valsartan for the treatment of CHF (NYHA Class 

II-IV) with reduced ejection fraction on July 7, 2015. The drug molecule was later launched in the European 

market in the year 2015. Based on the clinical trial data submitted for the drug approval, the FDA has requested 

for further studies that will evaluate the incidence of angioedema in black patients treated with 

sacubitril/valsartan in comparision to controls. The drug manufacturer has also been told to conduct a 

multicenter, randomized, double-blind, active-controlled trial, that will evaluate the effect of sacubitril/valsartan 

in comparision with valsartan on the cognitive function among CHF patients with reduced ejection fraction. The 

drug molecule is more popular in the European countries when compared to the USA, due to the barriers 

imposed by the medical insurance companies and the drug cost [16]. Prior to the FDA approval, the Canadian 

HF guidelines had placed recommendation for sacubitril/valsartan. The Canadian guidelines approved the use of 

sacubitril/valsartan over ACE inhibitors and ARBs among patients with LVEF<40%, elevated BNP, HF 

hospitalization within the past year [17].  

 

Upcoming sacubitril/valsartan HF trials:   

 would include 40 trials so as to generate additional data on the symptom reduction, efficacy, QOL 

benefits and real world evidence on the treatment of sacubitril/valsartan for HF. Some of the trials have already 

begun and some are on the way. Some of the most prominent and major trials include: PARAGON-HF, 

PARADISE-MI, TRANSITION and PIONEER [18-21] (Table 1). Due to the non existence of evidence for the 

safety and efficacy of sacubitril/valsartan in the pediatric population, a study evaluating the safety, tolerability, 

pharmacokinetics and pharmacodynamics of LCZ696 followed by a 52-week study of LCZ696 compared with 

enalapril in pediatric HF patients is ongoing [22].  

 

II. Conclusion 
Sacubitril/valsartan an ARNI has been approved for the treatment of HF with reduced ejection fraction 

in USA, Europe and Canada. The drug has demonstrated an excellent safety, tolerability and efficacious profile, 

and has shown long-term benefits in HF patients with reduced ejection fraction. The therapeutic effect of the 

drug has been effective in reducing the risk of cardiovascular death and hospitalization among HF patients with 

reduced ejection fraction. However, additional data is required to assess the safety, efficacy and tolerability 

profile of the drug in diverse populations inclusive of the paediatric and black population. More clinical trials 

are required to establish its usage among patients with HF and preserved ejection fraction and in chronic kidney 

disease (CKD).        
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