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-BLOCKERS ALL-CAUSE MORTALITY

0              200              400 600 800

1.0

0.8

0.6

0

Bisoprolol

Placebo

Time after inclusion (days)

p<0.0001

S
u

rv
iv

a
l

Risk reduction

34%

CIBIS-II
Lancet 1999

Months of follow-up

M
o

rt
a
li

ty
 (

%
)

0 3 6 9 12 15 18 21

20

15

10

5

0

Placebo

Metoprolol CR/XL

p=0.0062

Risk reduction

34%

MERIT-HF
Lancet 1999

S
u

rv
iv

a
l

Carvedilol

Placebo

Days

0 50 100 150 200 250 300 350 400

1.0

0.9

0.8

0.7

0.6

0.5

Risk reduction

65%

p<0.001

US Carvedilol
NEJM 1996

G. Cice



ACC/AHA NYHA

STAGE A Asymptomatic with no heart 
damage but have risk factors 
for heart failure

STAGE B Asymptomatic left ventricular 
dysfunction

STAGE C Have symptoms and heart 
damage

STAGE D End-stage disease

NYHA I No symptoms and no limitation 
in ordinary physical activity

NYHA II Mild symptoms (mild shortness 
of breath and/or angina) and 
slight limitation during ordinary 
activity

NYHA III Marked limitation in activity 
due to symptoms, even during 
less-than-ordinary activity. 
Comfortable only at rest.

NYHA IV Severe limitations. Experiences 
symptoms even while at rest. 
Mostly bedbound patients.

HF CLASSIFICATION

ACC/AHA guidelines, 2005



SUMMARY OF DRUG TREATMENT FOR CHF

Asymptomatic
LV Dysfunction

Mild to
Moderate CHF

Moderate to
Severe CHF

ESC - CHF guidelines - update 2012

ACE inhibitor
Beta blocker

ACE inhibitor and/or ARB
Beta blocker+ivabradine
Diuretics
Digoxin (?)

ACE inhibitor and/or ARB
Beta blocker+ivabradine
Diuretics
Digoxin
Spironolactone
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LV EF RESPONSE IMPACTS ON MORTALITY AND 
HOSPITALISATIONS

Freedom from cardiac 
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ACE Inhibition Prevents Remodelling:
SOLVD – Echocardiographic Substudy

Greenberg B et al. Circulation 1995
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LVEF: Change From Baseline
Within Treatment-arm Comparison

* P < 0.05; ** P < 0.01; *** P < 0.001
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SURVIVAL RATES IN CHF PATIENTS
SOLVD-PREVENTION
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SURVIVAL RATES IN CHF PATIENTS
SOLVD-TREATMENT
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LANDMARK TRIALS IN CHF

ELITE II
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Combination drug of valsartan and sacubitril, in a 1:1 mixture

Dual-acting angiotensin receptor-neprilysin inhibitor (ARNi)
although the two effects are achieved by two different molecules

Valsartan blocks the angiotensin II receptor type 1 (AT1)

Sacubitril is a progrug activated to LBQ657 by de-ethylation via esterases

LBQ657 inhibits the enzyme neprilysin,which is responsible for the 
degradation of atrial and brain natriuretic peptide

LCZ696
Valsartan/Sacubitril

G. Cice



Vasodilation
natriuresis/diuresis

Cardiac stress
Remodelling

Natriuretic
Peptides

Vasoconstriction
Sodium/fluid retention
Chronic cardiac stress

Tissue remodelling/fibrosis

OPPOSITE FORCES IN HEART FAILURE

Renin-Angiotensin-Aldosterone
Endothelin

Catecholamines

G. Cice
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Schrier & Abraham. N Engl J Med 1999;341:577–85; Stephenson Biochem J. 1987;241:237–47; Langenickel , Dole. Drug Discov Today: Ther Strategies 2014
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PARADIGM-HF: Study Design

NYHA class II-IV heart failure with LV ejection fraction ≤ 40%

BNP ≥ 150 (or NT-proBNP ≥ 600), or 400 if hospitalized for heart failure within 12 

months

Beta-blockers and mineralocorticoid receptor antagonists  and use of ACE inhibitor 

or ARB

able to tolerate dose equivalent to enalapril 10 mg daily for at least 4 weeks

Systolic BP ≥ 95 mm Hg, eGFR ≥ 30 ml/min/1.73 m2 and  serum K≤5.4 mEq/L 

Primary endpoint was cardiovascular death or hospitalization for 

heart failure, but sample-size of the PARADIGM-HF was defined on 

the basis of cardiovascular mortality alone

G. Cice



2 weeks 1-2 weeks 2-4 weeks

Single-blind run-in period Double-blind period

(1:1 randomization)

Enalapril

10 mg
BID

Enalapril 10 mg BID

LCZ696 200 mg BID

PARADIGM-HF: Study Design

Randomization

100 mg
BID

200 mg
BID

LCZ696
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8399 patients randomized for ITT analysis

LCZ696

(n=4187)

Enalapril

(n=4212)

Age (years) 63.8 ± 11.5 63.8 ± 11.3

Women (%) 21.0% 22.6%

Ischemic cardiomyopathy (%) 59.9% 60.1%

LV ejection fraction (%) 29.6 ± 6.1 29.4 ± 6.3

NYHA functional class II / III (%) 71.6% /  23.1% 69.4% / 24.9%

Systolic blood pressure (mm Hg) 122 ± 15 121 ± 15

Heart rate (beats/min) 72 ± 12 73 ± 12

N-terminal pro-BNP (pg/ml) 1631 (885-3154) 1594 (886-3305)

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

History of diabetes 35% 35%

Digitalis 29.3% 31.2%

Beta-adrenergic blockers 93.1% 92.9%

Mineralocorticoid antagonists 54.2% 57.0%

ICD and/or CRT 16.5% 16.3%

PARADIGM-HF: Study Population

G. Cice
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PARADIGM-HF: PRIMARY ENDPOINT

CARDIOVASCULAR DEATH OR HF HOSPITALIZATION

HR = 0.80 (0.73-0.87)
P = 0.0000002

NNT=21

McMurray, et al. N Engl J Med 2014



HR = 0.80 (0.71-0.89)
P = 0.00004
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PARADIGM-HF: ALL-CAUSE MORTALITY
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McMurray et al. Eur J Heart Fail 2015;17(Suppl 1):143 (Abstract 689)

PARADIGM-HF: PRIMARY OUTCOME BY AGE

Hazard ratio (95% CI)

All patients (n=8,399) 0.80 (0.73–0.87)

Age category (year)

<55 (n=1,624) 0.78 (0.64–0.96)

55–64 (n=2,655) 0.76 (0.65–0.90)

65–74 (n=2,557) 0.80 (0.68–0.93)

75–84 (n=1,442) 0.84 (0.69–1.03)

>85 (n=121) 0.96 (0.54–1.70)

1.000.80
Favors LCZ696 Favors enalaprilHazard ratio

p for interaction=0.94 for treatment by age



McMurray, et al. N Engl J Med 2014; ePub ahead of print: DOI: 10.1056/NEJMoa1409077.
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EVOLUTION OF PHARMACOLOGIC THERAPY IN HF



Thanks…
for not having left the conference hall!



 1. Bohm et al. Eur J Heart Fail 
2015;17(Suppl 1):393 (Abstract P1794);

 2. McMurray et al. N Engl J Med 
2014;371:993–1004;

 3. McMurray et al. Eur J Heart Fail 
2013;15:1062–73

PARADIGM-HF: DISCONTINUATION FOR HYPOTENSION
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 “…angiotensin receptor–neprilysin inhibition with LCZ696 was superior to ACE
inhibition alone in reducing the risks of death and of hospitalization for HF”

 “The magnitude of the beneficial effect of LCZ696, as compared with enalapril,
on CV mortality was at least as large as that of long-term treatment with
enalapril, as compared with placebo.”

 “This robust finding provides strong evidence that combined inhibition of the
angiotensin receptor and neprilysin is superior to inhibition of the RAS alone in
patients with chronic HF.”

 “…results are applicable to a broad spectrum of patients with HF, 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.”

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

PARADIGM-HF: TAKE HOME MESSAGES

CONCLUSIONS FROM PUBLICATION

G. Cice



DRUGS THAT IMPROVE PROGNOSYS IN HF

Drugs that inhibit the 

renin-angiotensin system 

have modest effects on 

survival

Based on results of SOLVD-Treatment, CHARM-Alternative,
COPERNICUS, MERIT-HF, CIBIS II, RALES EMPHASIS-HF SHIFT
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In heart failure with reduced ejection fraction, when 
compared with recommended doses of enalapril on top of

B-Blocker and ARA:

PARADIGM-HF: TAKE HOME MESSAGES

LCZ696 was more effective than enalapril in
Reducing the risk of CV death and HF hospitalization
Reducing the risk of CV death by incremental 20%
Reducing the risk of HF hospitalization by incremental 21%
Reducing all-cause mortality by incremental 16%
Incrementally improving symptoms and physical limitations

LCZ696 was better tolerated than enalapril
Less likely to cause cough, hyperkalemia or renal impairment
Less likely to be discontinued due to an adverse event
More hypotension, but no increase in discontinuations
Not more likely to cause serious angioedema

G. Cice



Increase in Life Expectancy by Enalapril in 
Combined SOLVD Trials

Years after Randomization
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“PARADIGM-HF may well represent a new threshold of hope
for patients with HF”

“Now, a novel drug, LCZ696, a dual inhibitor of angiotensin II
receptor and neprilysin, may prove to be the first disruptive
agent to the heart-failure treatment algorithm, which has
remained essentially unchanged for a decade”

“The beneficial results seen in PARADIGM-HF may apply to a
wide spectrum of patients, even those who are currently
receiving the best possible therapy”

Jessup. N Engl J Med 2014; ePub ahead of print: DOI: 10.1056/NEJMe1409898
G. Cice
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PARADIGM-HF: ADVERSE EVENTS

LCZ696
(n=4187)

Enalapril
(n=4212)

P
Value

Prospectively identified adverse events

Symptomatic hypotension 588 388 < 0.001

Serum potassium > 6.0 mmol/l 181 236 0.007

Serum creatinine ≥ 2.5 mg/dl 139 188 0.007

Cough 474 601 < 0.001

Discontinuation for adverse event 449 516 0.02

Discontinuation for hypotension 36 29 NS

Discontinuation for hyperkalemia 11 15 NS

Discontinuation for renal impairment 29 59 0.001

Angioedema (adjudicated)

Medications, no hospitalization 16 9 NS

Hospitalized; no airway compromise 3 1 NS

Airway compromise 0 0 ----

McMurray, et al. N Engl J Med 2014


