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ACE=angiotensin-converting enzyme; ACEI=angiotensin-converting-enzyme inhibitor; 

ARB=angiotensin receptor blocker; Ang=angiotensin;  

HF=heart failure; MRA=mineralocorticoid receptor antagonist;  

RAAS=renin-angiotensin-aldosterone system 

Zaman et al. Nat Rev Drug Discov 2002;1:621–36  

Schrier, Abraham. N Engl J Med 1999;341:577–85;  

Brewster et al. Am J Med Sci 2003;326:15–24; Schmeider. Am J Hypertens 2005;18: 

720–30; McMurray et al. Eur Heart J 2012;33:1787–847 
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ANP=atrial natriuretic peptide; BNP=B-type natriuretic peptide;  

CNP=C-type natriuretic peptide; GFR=glomerular filtration rate; 

RAAS=renin-angiotensin-aldosterone system; RBF=renal blood flow; 

t1/2=half-life 

Levin et al. N Engl J Med 1998;339;321–8; Gardner et al. Hypertension 2007;49:419–26  

Pandey. J Am Soc Hypertens 2008;2:210–16; Von Lueder et al. Pharmacol Ther 2014;144:41–9 Potter. 

FEBS J 2011;278:1808–17; Lumsden et al. Curr Pharm Des 2010;16:4080–8  

Mangiafico et al. Eur Heart J 2013;34:886–93; Volpe. Int J Cardiol 2014 [ePub ahead of print] 
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1. Mangiafico et al. Eur Heart J 2013;34:886–93; 2. Gardner et al. Hypertension 

2007;49:419–26; 3. Pandey. J Am Soc Hypertens 2008;2:210–26; 4. Levin et al. 

N Engl J Med 1998;339;321–8; 

5. Von Lueder et al. Pharmacol Ther 2014 [Epub ahead of print] 
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1. Forssmann et al. Arch Histol Cytol 1989;52 Suppl:293–315; 2. Levin et al. N Engl J Med 1998;339;321–8;  

3. Lumsden et al. Curr Pharm Des 2010;16:4080–8; 4. Langenickel & Dole. Drug Discovery Today: Ther Strateg 2012;9:e131–9; 5. 

Gardner et al. Hypertension 2007;49:419–26; 

6. Tokudome et al. Circulation 2008;117;2329–39; 7. Horio et al. Endocrinology 2003;144:2279–84; 

8. D'Souza et al. Pharmacol Ther 2004 ;101:113–29; 9. Cao & Gardner. Hypertension 1995;25:227–34; 
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Levin et al. N Engl J Med 1998;339:321–8;  

Nathisuwan & Talbert. Pharmacotherapy 2002;22:27–42;  

Kemp & Conte. Cardiovascular Pathology 2012;365–371;  

Schrier & Abraham. N Engl J Med 2009;341:577–85 

Ang=angiotensin; AT1R=angiotensin II type 1 receptor; HF=heart 

failure; NPs=natriuretic peptides; NPRs=natriuretic peptide receptors; 

RAAS=renin-angiotensin-aldosterone system 
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ANP=atrial natriuretic peptide; BNP=B-type natriuretic peptide; 
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BNP    -    
    ANP  CNP 

ANP=atrial natriuretic peptide; BNP=B-type natriuretic peptide;  
CNP=C-type natriuretic peptide; HPLC=high performance liquid 
chromatography . Further abbreviation definitions provided in the notes. Watanabe et al. Biochem Mol Med 1997;61:47–51 

 ANP  CNP         

 BNP     ,   -    ANP  CNP 

Values calculated from the disappearance of substrate peak after HPLC. Time of incubation=60 minutes; substrate concentration 

range=0.01–0.125 mM, respectively. Kcat calculated based on a molecular weight of 92,000 

In vitro а а а  а а       

 
Km 

(mM) 
Vmax 

(pmol/min) 
Kcat 

(min-1) 

Kcat/Km 

(min-1 mM-1) 

ANP-28 28.3 38.5 145 5.12 

BNP-32 102 43.2 54.3 0.532 

CNP-22 12.4 66.1 97.4 7.85 
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1. Erdos, Skidgel. FASEB J 1989;3:145–51; 2. Levin et al. N Engl J Med 1998;339;321–8; 3. Stephenson et al. Biochem J 1987;243:183–7; 

4. Lang et al. Clin Sci 1992;82:619–23; 5. Kenny et al. Biochem J 1993;291:83–8; 6. Skidgel et al. Peptides 1984;5:769–76 

7. Abassi et al. Metabolism 1992;41:683–5; 8. Murphy et al. Br J Pharmacol 1994;113:137–42 

9. Jiang et al. Hypertens Res 2004;27:109–17 
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1. Erdos, Skidgel. FASEB J 1989;3:145–51; 2. Levin et al. N Engl J Med 1998;339;321–8; 

3. Murphy et al. Br J Pharmacol 1994;113:137–42; 4. Jiang et al. Hypertens Res 2004;27:109–17; 

5. Ferro et al. Circulation 1998;97:2323–30; 6. Martinez-Rumayor et al. Am J Cardiol 2008;101[suppl]:3A-8A;  

7. Richards et al. J Hypertens 1993;11:407–16  
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Furosemide 20 mg BID† (n=10) Candoxatril 200 mg BID‡ (n=10) Candoxatril 400 mg BID§ (n=10) 

*0.10 >p>0.05 vs furosemide; †40 mg TDD; ‡400 mg TDD; §800 mg TDD 

BID=twice daily; TDD=total daily dose 

Northridge et al. Am Heart J 1999;138:1149–57  
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Ferro et al. Circulation 1998;97:2323–30; Levin et al. N Engl J Med 1998;339:321–8; Nathisuwan & Talbert. 

Pharmacotherapy 2002;22:27–42; Schrier et al. Kidney Int 2000;57:1418–25;  Schrier & Abraham. N Engl J Med 

1999;341:577–85; Stephenson et al. Biochem J. 1987;241:237–47.   
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Richards et al. J Hypertens 1993;11:407–16 

Serial mean (± SE) plasma cGMP and Ang II concentrations in patients with hypertension (n=12 per group) on the fourth day of 
treatment with candoxatril 200 mg or placebo BID. Plasma cGMP and Ang II were increased by candoxatril vs placebo 
(p<0.001, p<0.05 respectively). 

A
n

g
 I
I 

(p
m

o
l/
L

) 

30 

20 

10 

0 

6 

5 

4 

3 

2 

1 

0 

 (h) 

  

 c
G

M
P

 
(p

m
o

l/
m

L
) 

0800 1600 2400 0800 

Candoxatril  

200 mg 

Placebo 

NEP    candoxatril 





• Omapatrilat,   ACE  NEP 
.        

 ,   
       

   1–3 
•    Phase III,      

   ,  omapatrilat   -
       

   ACE ,1   
      3 

•    omapatrilat     
      ACE .1,3 

•      omapatrilat 
  -     3 

     
: APP, ACE  NEP4 
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Omapatrilat    ACE-NEP  
( .  )  

ACE=angiotensin-converting enzyme; APP=aminopeptidase P 

1. Kostis  et al. Am J Hypertens 2004;17:103–11; 2. Rouleau et al. Lancet 2000;356:615–20 

3. Packer et al. Circulation 2002;106:920–6; 4. Fryer et al. Br J Pharmacol 2008;153:947–55 
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1. Erdos, Skidgel. FASEB J 1989;3:145–51; 2. Levin et al. N Engl J Med 1998;339;321–8; 3. Stephenson et al. Biochem J 

1987;243:183–7; 4. Lang et al. Clin Sci 1992;82:619–23; 5. Kenny et al. Biochem J 1993;291:83–8; 6. Skidgel et al. Peptides 

1984;5:769–76; 7. Abassi et al. Metabolism 1992;41:683–5;  8. Murphy et al. Br J Pharmacol 1994;113:137–42; 9. Jiang et al. 

Hypertens Res 2004;27:109–17;  10. Langenickel & Dole. Drug Discovery Today: Ther Strateg 2012;9:e131–9; 11. Richards et al. J 

Hypertens 1993;11:407–16; 12. Ferro et al. Circulation 1998;97:2323–30 
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*Not an exhaustive list of all neprilysin substrates; the most relevant substrates for cardiovascular physiology are listed  
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Ang=angiotensin; ANP=atrial natriuretic peptide; 
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CNP=C-type natriuretic peptide; NEP=neprilysin; 
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LCZ696  NEP (  LBQ657)   
AT1R (  valsartan) 

Levin et al. N Engl J Med 1998;339:321–8;  

Nathisuwan & Talbert. Pharmacotherapy 2002;22:27–42;  

Schrier & Abraham N Engl J Med 2009;341:577–85; 

Langenickel & Dole. Drug Discov Today: Ther Strateg 2012;9:e131–9; 

Feng et al. Tetrahedron Letters 2012;53:275–6 

*Neprilysin substrates listed  in order of relative affinity for NEP: ANP, CNP, Ang II, Ang I, 

adrenomedullin, substance P, bradykinin, endothelin-1, BNP 

Ang=angiotensin; ANP=atrial natriuretic peptide; AT1=angiotensin II type 1; BNP=B-type natriuretic 

peptide; CNP=C-type natriuretic peptide; NEP=neprilysin; RAAS=renin angiotensin aldosterone 

system  
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cGMP=cyclic guanosine monophosphate; NEP=neprilysin; NP=natriuretic peptide; 

RAAS=renin-angiotensin-aldosterone system; SNS=sympathetic nervous system 

Levin et al. N Engl J Med 1998;339:321–8;  

Nathisuwan & Talbert. Pharmacotherapy 2002;22:27–42;  

Schrier & Abraham. N Engl J Med 2009;341:577–85; 

Langenickel & Dole. Drug Discov Today: Ther Strateg 2012;9:e131–9 
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    ACE > APP >> NEP  DPP-4 
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     LCZ696 

1. Moreau et al. J Pharmacol Sci 2005;99:6–38; 2. Fryer et al. Br J Pharmacol 2008;153:947–55  

3. Gu et al. J Clin Pharmacol 2010;50:401–14 
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Masson et al. Clin Chem 2006;52:1528–38 
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•      BNP  NT-proBNP    
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–    -  ; 
–    . 
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BNP >400 pg/mL 

NT-proBNP >2000 pg/mL 

BNP 100–400 pg/mL 

NT-proBNP 400–2000 pg/mL 

BNP <100 pg/mL 

NT-proBNP <400 pg/mL 

Dickstein et al. Eur Heart J 2008;29:2388–442  

Melanson, Lewandrowski. Am J Clin PathoI 2005;124:S122–8 
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  cGMP    PARADIGM-HF  
      LCZ696 

• cGMP    ,  
        

   
   - RA (NPR-A) 

 RB (NPR-B)1 

•   cGMP     
-  (   4 )  

  LCZ696    
enalapril; -    cGMP  

 -   LCГ696  
  ОnКХКprТХ (    8 

) 2 

•      
  cGMP   

    
     
  2 

cGMP=cyclic guanosine monophosphate; ENL=enalapril; 
LCZ=LCZ696; NPR=natriuretic peptide receptor 

1. Potter et al. Handb Exp Pharmacol 2009;191:341–66;  
2. Packer et al. Circulation 2014; epub ahead of print:  

DOI: 10.1161/CIRCULATIONAHA.114.013748 
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p<0.0001* 

p<0.0001* 
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*p-values denote significant difference between the two treatment groups 
†Urinary cGMP was not measured at the end of the enalapril phase of the run-in period. All patients received 

enalapril, followed by LCZ696, during the single-blind run-in period to ensure an acceptable side effect profile. 

Groups represented here show division by final randomization group 

=  

LCZ696 Enalapril 

Bars represent 25%/75% 

interquartile ranges for: 



• 12- , , - , , - ,  
         LCZ696 2 200 mg 

  valsartan 2 160 mg        (≥45%),  
 24- .     

• 685 , 65 , 13      PARAMOUNT,   308  
   

 

 

PARAMOUNT:    

Solomon et al. Lancet 2012;380:1387–95 

1–2 . 2 . 

12- .     

LCZ696 

2 100 mg  

** 
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2 50 mg * 

(n=149) 

Valsartan 

2 40 mg † 

(n=152) 

8–10 . 

 run-in 

    
ACEI  ARB 24  

 я 

LCZ696 2 200 mg *** 

Valsartan 

2 80 mg  
‡ 

Valsartan 2 160 mg § 

1–2 . 24- . 
  

я 

*100 mg TDD; **200 mg TDD; ***400 mg TDD; †80 mg TDD; ‡160 mg TDD; §320 mg TDD- 



LCZ696 in HFpEF 
PARAMOUNT Phase II results 

а а NYHA а  

Solomon et al. LANCET 2012;380:1387–95. 

На а  а 
а  а LA 

На а  а NT-proBNP 

 - я  я  NT-proBNP  LCZ696 12 . я  valsartan (23%, p=0.005);  я    
 36 .      (15%, p=0.20). 

 - я      LA  36 .  LCZ696  (LAV : p=.0009; LAVI: p=.0026; LAD=.01).  

        NYHA  LCZ696 (p=0.05) 
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PARAGON-HF-   : 

4,300    (NYHA  II–IV)   LVEF 45% 

 

   :       (  
 ) ( ~1,721 я) 

*Valsartan 40 mg BID (up to 2 weeks) followed by valsartan 80 mg BID as an optional 

starting run-in dose for those patients being treated with less than the minimum dose of 

ACEI or ARB at Visit 1. 

 1:1 

  2 . ~240 . 

Valsartan 2 160 mg 

LCZ696 2 200 mg 

LCZ696  

2 100 mg 

  я  я                               
( а а ACE .   ARB) 

Valsartan  

2 80 mg * 
 

3–8 . 

 run-in  

- я     

Valsartan  

2 40 mg * 

 Visit         1               101              102                 103             201    202    203    204    205     206      207      208    209      210     211    212      213       up to 221 

    Time    -10/-7w       -8/-5w          -6/-4w            -4/-2w             0       4w    16w    32w    48w    60w     72w      84w   96w    108w  120w  132w    144w    up to 240w*  

Indicates telephone visit contact visit 





     
 

McMurray, et al. N Engl J Med 2014; ePub ahead of print: DOI: 10.1056/NEJMoa1409077. 

-      LCZ696,       
      (10.7%  12.3%, p=0.03) 

, n (%) 
LCZ696 
(n=4187) 

Enalapril 
(n=4212) 

p-
‡ 

 

 588 (14.0) 388 (9.2) <0.001 

    <90 mmHg 112 (2.7) 59 (1.4) <0.001 

   

≥2.5 mР/НL 139 (3.3) 188 (4.5) 0.007 

≥3.0 mР/НL 63 (1.5) 83 (2.0) 0.10 

   

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

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

 474 (11.3) 601 (14.3) <0.001 

 (     ) 

     10 (0.2) 5 (0.1) 0.19 

     6 (0.1) 4 (0.1) 0.52 

   .  3 (0.1) 1 (<0.1) 0.31 

   0 0 --- 





UKHARP (UK Heart and Renal 
Protection) III trial 
(ISRCTN11958993) 

LCZ696 with 
the ARB, irbesartan, in patients with 
proteinuric renal 
disease and an estimated 
glomerular filtration 
rate >20 and <60 ml/min/1.73 m2 
 

PARAMETER (Prospective 

comparison of Angiotensin Receptor 

neprilysin inhibitor 

with Angiotensin receptor blocker 

Measuring 

arterial stiffness in the Elderly) study 

(NCT01692301) 

comparing LCZ696 with an ARB 

(olmesartan) in 432 

elderly (age >60 years) hypertensive 

patients with a 

pulse pressure >60 mm Hg  

The endpoints are 

changes in central aortic systolic and 

pulse pressures 

determined noninvasively  




