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Aims This study was designed to evaluate whether survival rates in patients with heart failure (HF) are better than those
in patients with diagnoses of the four most common cancers in men and women, respectively, in a contemporary
primary care cohort in the community in Scotland.
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Methods
and results

Data were obtained from the Primary Care Clinical Informatics Unit from a database of 1.75million people registered
with 393 general practices in Scotland. Sex-specific survival modelling was undertaken using Cox proportional hazards
models, adjusted for potential confounders. A total of 56 658 subjects were eligible for inclusion in the study. These
represented a total of 147 938 person-years of follow-up (median follow-up: 2.04 years). In men, HF (reference group;
5-year survival: 55.8%) had worse mortality outcomes than prostate cancer [hazard ratio (HR) 0.61, 95% confidence
interval (CI) 0.57–0.65; 5-year survival: 68.3%], and bladder cancer (HR 0.88, 95% CI 0.81–0.96; 5-year survival:
57.3%), but better outcomes than lung cancer (HR 3.86, 95% CI 3.65–4.07; 5-year survival: 8.4%) and colorectal
cancer (HR 1.23, 95% CI 1.16–1.31; 5-year survival: 48.9%). In women, HF (reference group; 5-year survival: 49.5%)
had worse mortality outcomes than breast cancer (HR 0.55, 95% CI 0.51–0.59; 5-year survival 77.7%), but better
outcomes than colorectal cancer (HR 1.21, 95% CI 1.13–1.29; 5-year survival 51.5%), lung cancer (HR 3.82, 95% CI
3.60–4.05; 5-year survival 10.4%), and ovarian cancer (HR 1.98, 95% CI 1.80–2.17; 5-year survival 38.2%).
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Introduction
Cardiovascular disease is the most common cause of death globally,
accounting for an estimated 17.5million deaths in 2012, or around
a third of all deaths worldwide.1 Heart failure (HF) represents
the end phenotype of many cardiovascular disorders and has
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. a prevalence of around 1–2% in the general population, rising

to >10% in individuals aged ≥70 years. Heart failure is also the
most common cause of hospitalization in people aged >65 years.2
Advances in pharmacological and intracardiac device-based thera-
pies have reduced mortality rates in patients with HF by as much as
50% over the past decade, but both short- and long-term mortality
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Figure 2 Kaplan–Meier curves for overall survival in (A ) men with prostate, lung, colorectal or bladder cancer, or heart failure and (B)
women with breast, colorectal, lung or ovarian cancer, or heart failure. HF, heart failure. *Correction added on 11 May 2017, after first online
publication: missing percentages for prostate and breast cancer have been added.

cross-sectional survival analysis in which data were derived from
the time of initiation of the study rather than from the time of diag-
nosis of HF, which may have introduced a degree of bias towards a
poorer outcome.26

Survival rates in HF, and in many cancers, have improved over the
past decade, but these improvements have occurred at different
rates in HF and cancer populations. For example, an analysis
of hospital admissions in Sweden conducted by Stewart et al.
suggested that survival rates in HF admissions had improved
by a greater margin each calendar year than had survival rates
in the various cancers studied.5 Although our analysis is not
subject to many of the limitations of previous analyses, such ..
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. as admission bias and failure to adjust for type and number of

co-morbidities,5,9 our findings are remarkably similar to those
reported initially by Stewart et al.9 and subsequently from hospital
admission data derived from Sweden.5 This suggests that even
in a more contemporaneous cohort (by at least a decade), a
diagnosis of HF remains as ‘malignant’ as that of some cancers. Our
findings were broadly consistent when the data were stratified by
co-morbid burden and age at diagnosis.

The burden of co-morbidity among patients with HF is
significant.27 Only 3.0% of patients with HF had no recorded
co-morbidity, whereas up to a third of patients with a cancer
diagnosis had no co-morbid conditions documented in their
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The war against heart failure: the Lancet lecture
Eugene Braunwald

Heart failure is a global problem with an estimated prevalence of 38 million patients worldwide, a number that is 
increasing with the ageing of the population. It is the most common diagnosis in patients aged 65 years or older 
admitted to hospital and in high-income nations. Despite some progress, the prognosis of heart failure is worse than 
that of most cancers. Because of the seriousness of the condition, a declaration of war on fi ve fronts has been proposed 
for heart failure. Eff orts are underway to treat heart failure by enhancing myofi lament sensitivity to Ca²+; transfer of 
the gene for SERCA2a, the protein that pumps calcium into the sarcoplasmic reticulum of the cardiomyocyte, seems 
promising in a phase 2 trial. Several other abnormal calcium-handling proteins in the failing heart are candidates for 
gene therapy; many short, non-coding RNAs—ie, microRNAs (miRNAs)—block gene expression and protein 
translation. These molecules are crucial to calcium cycling and ventricular hypertrophy. The actions of miRNAs can 
be blocked by a new class of drugs, antagomirs, some of which have been shown to improve cardiac function in 
animal models of heart failure; cell therapy, with autologous bone marrow derived mononuclear cells, or autogenous 
mesenchymal cells, which can be administered as cryopreserved off  the shelf products, seem to be promising in both 
preclinical and early clinical heart failure trials; and long-term ventricular assistance devices are now used increasingly 
as a destination therapy in patients with advanced heart failure. In selected patients, left ventricular assistance can 
lead to myocardial recovery and explantation of the device. The approaches to the treatment of heart failure described, 
when used alone or in combination, could become important weapons in the war against heart failure.

Introduction
Spectacular advances have occurred in the past 
three decades in cardiovascular medicine and surgery. In 
high-income countries, early mortality rates associated 
with acute coronary syndromes (fi gure 1), valvular and 
congenital heart disease, hypertension, and many 
arrhythmias have decreased substantially. However, in 
many patients with these disorders some myocardial 
damage has occurred, and although their lives have been 
prolonged, their heart disease has not been cured; an 
increasing number become at risk of subsequently 
developing heart failure, which might be regarded as the 
price of success, and for many patients this price is steep.

Heart failure is a global problem,1–7 with an estimated 
38 million patients with this diagnosis worldwide. The 
Global Burden of Disease 2010 study3,8 reported that 
from 1990 to 2010, ischaemic heart disease was the 
most common cause of death worldwide. Although 
the age-standardised incidence of acute myocardial 
infarction has decreased worldwide, the prevalence of 
ischaemic heart failure, the most common type of heart 
failure, has increased.8 Heart failure is now becoming 
more common in low-income and medium-income 
countries, where an increasing proportion of the 
population have a high-income-country lifestyle that 
leads to obesity, hypertension, and diabetes,4,5 all risk 
factors for the development of heart failure.

Heart failure is the most common diagnosis for 
hospital admission in patients aged 65 years and older in 
high-income countries. Since heart failure occurs most 
commonly in elderly people, the demographic imperative 
is immense. Every year, about 1 million hospital 
admissions occur for heart failure in the USA (fi gure 1) 
and a similar number occur in Europe. With the surge in 
the elderly population that is expected in both industrially 
developed and developing nations, a 50% increase in the 

number of new patients with heart failure every year is 
estimated in 15 years, unless there is real progress in 
prevention or treatment, or both.9,10

The results of the management of heart failure, as 
described in practice guidelines, are mixed.11,12 In patients 
with chronic heart failure with reduced ejection fraction, 
both the survival13 and quality of life have improved with 
the use of β-adrenoreceptor blockers, with drugs that 
block the renin-angiotensin-aldosterone system,11 and, 
according to a recent report,14 with an angiotensin 
receptor-neprilysin inhibitor and with devices, including 
pacemakers, which enhance cardiac synchronisation 
and implanted cardiac defi brillators.12

However, we are unable to do much more than reduce 
congestion with diuretics in patients with chronic heart 
failure with preserved ejection fraction, which occurs in 
almost half of the population with heart failure.7,9,11,12 The 
outlook for patients with acute decompensated heart 
failure, irrespective of ejection fraction, is also grave.15 
In patients older than 65 years in the USA, the 30-day 
hospital mortality rate for patients admitted to the 
hospital with heart failure is fairly constant at about 
11%, and the 30-day hospital readmission rate is around 
30%.16 Similar outcomes have been reported in England 
and Wales17 and in Europe.18 The 5-year survival rate for 
heart failure is worse than it is for most cancers and the 
annual cost of care for heart failure in the USA has been 
estimated to exceed US$30 billion, most of it spent on 
hospital care.7 Although the increased application of 
clinical practice guidelines in high-income countries,11–13 
especially in patients with heart failure with reduced 
ejection fraction, has resulted in some improvement 
in outcome,19 many patients now experience a more 
prolonged course, resulting in increases in the 
prevalence of the disorder,8 and in the economic burden 
on the health-care system. Heart failure is a particular 
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L’importanza di raggiungere e mantenere la 
dose target Angiotensin receptor neprilysin inhibitor and heart failure 1233

Figure 2 (A) Kaplan–Meier curves showing primary outcome events censored at dose reduction by treatment assignment. Individuals taking
sacubitril/valsartan had fewer events compared with the enalapril group [hazard ratio (HR) 0.79, 95% confidence interval (CI) 0.71–0.88].
(B) Kaplan–Meier curves showing primary outcome events following dose reduction by treatment assignment. Individuals randomized to
sacubitril/valsartan had fewer events relative to enalapril after dose reduction (HR 0.80, 95% CI 0.70–0.93).

Figure 3 Hazard ratios (HR; sacubitril/valsartan relative to
enalapril) of the primary outcome measure by time-updated mean
dose post-randomization. Participants taking lower than target
sacubitril/valsartan doses had a lower risk of the primary event
compared with those taking lower than target doses of enalapril.
CI, confidence interval.

Metoprolol CR/XL Randomized Intervention Trial in Heart failure
(MERIT-HF), patients unable to achieve target doses of metopro-
lol had a higher event rate but a similar benefit from beta-blockade
compared with patients who were successfully titrated to target
doses.11 In the Carvedilol Or Metoprolol European Trial (COMET)
study, target doses of carvedilol and metoprolol tartrate were
reached in 75% and 78% of participants, respectively. Failure to
achieve target doses was associated with worse outcomes, but the
benefit of carvedilol relative to metoprolol in lowering all-cause
mortality was maintained at lower doses of beta-blocker.12 Data
from several heart failure registries show that despite guideline ..
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.. recommendations, less than half of patients are treated with tar-

get doses for both ACE inhibitors and beta-blockers.9,13 Thus,
despite the very large number of patients achieving target doses
in PARADIGM-HF, the number of patients who will achieve these
targets in a real-world setting will probably be lower. Neverthe-
less, our data suggest that even if dose reduction is indicated,
sacubitril/valsartan remains effective compared with enalapril at
reducing the composite of cardiovascular death or heart failure
hospitalizations.

This analysis was post-hoc and thus needs to be interpreted
with caution. In particular, our comparison of patients who had
dose reductions was a post-randomization comparison; yet it is
noteworthy that the baseline characteristics of the patients who
underwent a dose reduction in the two treatment arms were
similar. Furthermore, in earlier studies exploring achieved dose,
MERIT-HF and COMET, patients received subtarget doses of the
study medication because they failed to be successfully up-titrated
during the first few weeks of the trial, and, thus, such a failure
may have been a reflection of patient frailty. In the PARADIGM-HF
trial, only patients demonstrated to be able to tolerate target
doses of the study medications could be randomized. Despite
this, a substantial proportion of patients did require dose reduc-
tions following months of sustained treatment. Yet, the reasons
for post-randomization dose reduction in patients taking sacubi-
tril/valsartan or enalapril were similar to the reasons for intoler-
ance of target doses of these drugs during the run-in period. If
dose reduction resulted in any diminution of the advantage of sacu-
bitril/valsartan over enalapril, we found no evidence for this in the
patients studied in the PARADIGM-HF trial.

In conclusion, in patients with heart failure with reduced EF
enrolled in the PARADIGM-HF trial, dose reductions of study
medications were frequent, but the efficacy of sacubitril/valsartan
relative to enalapril was maintained even among participants taking

© 2016 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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the inflamed microvascular endothelium (5,59,60). Micro-
vascular inflammation also directly favors proliferation of
fibroblasts and myofibroblasts because of reduced NO
bioavailability (42), which leaves profibrotic action of
growth-promoting hormones such as endothelin-1, angio-
tensin II, and aldosterone unopposed (61).

Myocardial Afterload Excess

Arterial hypertension is the most prevalent comorbidity in
HFPEF (62). Although arterial hypertension has been
associated with oxidative stress and vascular inflammation
(63), arterial hypertension is usually perceived to induce
HFPEF through myocardial afterload excess (64). The new
HFPEF paradigm proposed in this review shifts emphasis to
microvascular inflammation, which lowers myocardial NO
bioavailability and removes the brake on prohypertrophic
stimuli triggered by myocardial afterload excess. This shift of
emphasis is further supported by the following arguments.

1. In all HFPEF registries and large outcome trials
(62,65,66), arterial hypertension in HFPEF consists
of increased systolic pressure (!148 mm Hg) but
normal diastolic pressure (!83 mm Hg). In HFPEF,
LV cavity dimensions are small, and, especially in the
presence of LV hypertrophy, the left ventricle operates
at a favorable Laplace relationship. LV systolic wall
stress therefore remains low despite increased LV
systolic pressure (67).

2. Some population studies and outcome trials observed
a larger contribution to HFPEF development of
metabolic comorbidities than of arterial hypertension.
In the MONICA registry, left atrial enlargement was
strongly related to obesity, mildly related to age, and
unrelated to arterial hypertension (68). In ALL-HAT
(Antihypertensive and Lipid-Lowering treatment to
prevent Heart Attack Trial), which recruited 40,000
patients with arterial hypertension and 1 additional
risk factor, significant baseline characteristics
discriminating between in-trial HFREF or HFPEF
development were, respectively, a history of coronary
heart disease favoring HFREF and a high body mass
index favoring HFPEF (69). In contrast, systolic or
diastolic blood pressure did not discriminate between
in-trial HFREF or HFPEF development.

3. Involvement in HFPEF of cardiac chambers other than
the left ventricle also provides a strong argument for
a microvascular inflammatory state driving myocardial
remodeling. When pulmonary hypertension secondary
to HFPEF (PH-HFPEF) is compared with primary
pulmonary hypertension, PH-HFPEF patients had
higher right atrial pressures with less right atrial dilation
(70), consistent with reduced right atrial compliance in
PH-HFPEF. This finding could not be attributed to
pulmonary arterial load, as mean pulmonary arterial
pressure was similar in both conditions but probably
related to the high prevalence of obesity in PH-HFPEF

Figure 2 Myocardial Dysfunction and Remodeling in HFPEF and HFREF

In HFPEF, myocardial dysfunction and remodeling are driven by endothelial inflammation and oxidative stress. In HFREF, oxidative stress originates in the cardiomyocytes
because of ischemia, infection, or toxic agents. ROS trigger cardiomyocyte autophagy, apoptosis, or necrosis. The latter attracts leukocytes. Dead cardiomyocytes are replaced
by fibrous tissue. cGMP ¼ cyclic guanosine monophosphate; HFREF ¼ heart failure with reduced ejection fraction; other abbreviations as in Figure 1.

Paulus and Tschöpe JACC Vol. 62, No. 4, 2013
Myocardial Remodeling in HFPEF July 23, 2013:263–71
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(70), consistent with reduced right atrial compliance in
PH-HFPEF. This finding could not be attributed to
pulmonary arterial load, as mean pulmonary arterial
pressure was similar in both conditions but probably
related to the high prevalence of obesity in PH-HFPEF
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van Heerebeek L et al.Circulation 2012

“Stiffness” miocardico

PKG is activated by cyclic guanosine monophosphate (cGMP). 
Phosphorylation of the N2B isoform by protein kinase A (PKA) or G 
(PKG) decreases cardiomyocyte resting stiffness.



§ The giant protein titin functions as a molecolar spring
is extended during diastolic stretch

§ Recoils elastically during systole
• Two isoforms: N2B (>stiff) and N2BA (>elastic)
• Is responsible for most of the passive tension of 

myocardium

TITINA
(1976)
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PARAMOUNT: NT-proBNP con LCZ696 a 12 settimane

*p=0.005, LCZ696 vs valsarta
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§ Reduction in NT-proBNP from baseline was sustained to Week 36 with LCZ696, although the difference between 
treatment groups was no longer significant (p=0.20) due to further reduction in NT-proBNP with valsartan

Solomon S et al. Lancet 2012



PARAMOUNT: 
variazione dei parametri ecocardiografici

Articles

1392 www.thelancet.com   Vol 380   October 20, 2012

particularly loop diuretics, was greater in the valsartan 
group during the trial, although β-blocker use was similar. 
In the LCZ696 group, 22 patients (15%) had one or more 
serious adverse events, including one death; in the val-
sartan group, 30 patients (20%) had one or more serious 

adverse events, including two deaths (table 4). The number 
of patients with hypotension, renal dysfunction, or 
hyperkalaemia did not diff er between groups. Over 
36 weeks, eGFR decreased to a greater extent in the 
valsartan group (LCZ696, –1·6 mL/min per 1·73 m² vs 
valsartan, –5·2 mL/min per 1·73 m²; p=0·007) and urinary 
albumin creatinine ratio increased to a greater extent in 
the LCZ696 group (LCZ696, 1·9 mg/mmol at baseline, 
2·9 mg/mmol at week 36; valsartan, 2·0 mg/mmol at 
baseline, 2·0 mg/mmol at week 36; p=0·02). Angio-
oedema occurred in one patient on LCZ696, who did not 
need admission to hospital, and no patients on valsartan.

Discussion
We found that in patients with heart failure with preserved 
ejection fraction, the angiotensin receptor neprilysin 
inhibitor LCZ696 reduced NT-proBNP to a greater extent 
than did valsartan after 12 weeks of treatment (panel). The 
reduction in NT-proBNP in patients receiving LCZ696 
became evident at 4 weeks and appeared to be sustained to 
36 weeks, although the between-group diff erence was no 
longer signifi cant. Additionally, we noted a reduction in 
left atrial size, indicative of reverse left atrial remodelling, 
in patients randomly assigned to LCZ696 after 36 weeks 
compared with those assigned to valsartan. NYHA class 
improved signifi cantly at 36 weeks in patients on LCZ696 

12 weeks 36 weeks

LCZ696 Valsartan p value LCZ696 Valsartan p value

n Baseline Δ from 
baseline

n Baseline Δ from 
baseline

n Baseline Δ from 
baseline

n Baseline Δ from 
baseline

Ejection fraction 114 58·2% 
(7·6)

1·06% 
(5·0)

118 58·0% 
(8·0)

1·04% 
(4·9)

0·85 94 58·3% 
(7·7)

2·7% 
(6·5)

111 58·1% 
(8·0)

3·07% 
(5·9)

0·69

Lateral mitral annular relaxation velocity (e�; cm/s) 97 7·7 
(2·7)

0·57 
(1·7)

106 7·2 
(2·9)

0·55 
(1·5)

0·56 84 7·6 
(2·7)

0·55 
(2·3)

96 7·3 
(2·8)

0·92 
(2·0)

0·40

Mitral infl ow velocity to mitral annular relaxation 
velocity ratio (E/e�)

96 12·6 
(8·4)

–1·3 
(3·4)

106 13·0 
(7·3)

–1·3 
(4·3)

0·71 83 12·3 
(5·5)

–1·3 
(3·1)

95 12·7 
(6·2)

–1·0 
(4·7)

0·42

Early to late mitral infl ow velocity ratio (E/A) 72 1·1 
(0·56)

–0·09 
(0·36)

78 1·1 
(0·66)

–0·08 
(0·67)

0·90 60 1·1 
(0·51)

–0·05 
(0·39)

68 1·1 
(0·65)

–0·03 
(0·61)

0·43

Left atrial width (cm) 116 3·7 
(0·42)

–0·07 
(0·25)

114 3·7 
(0·53)

–0·02 
(0·22)

0·07 99 3·7 
(0·43)

–0·15 
(0·31)

108 3·7 
(0·53)

–0·08 
(0·30)

0·03

Left atrial volume (mL) 113 67·0 
(23·2)

–3·2 
(12·2)

119 68·1 
(28·1)

–1·3 
(12·5)

0·18 96 65·3 
(22·5)

–4·6 
(13·7)

112 68·3 
(29·3)

0·37 
(15·9)

0·003

Left atrial volume index (mL/m²) 110 35·9 
(12·5)

–0·98 
(7·6)

118 36·5 
(14·4)

–0·41 
(6·8)

0·45 90 35·0 
(11·7)

–2·6 
(7·3)

106 36·8 
(14·8)

0·31 
(9·3)

0·007

Left ventricular end-diastolic volume (mL) 114 110·3 
(26·4)

–2·90 
(10·5)

118 113·1 
(31·3)

–3·27 
(12·3)

0·99 94 111·8 
(26·3)

–10·4 
(14·4)

111 114·3 
(31·5)

–12·7 
(17·3)

0·39

Left ventricular end-systolic volume (mL) 114 46·5 
(15·7)

–3·3 
(6·5)

118 48·5 
(20·9)

–2·7 
(8·9)

0·97 95 46·9 
(15·8)

–6·9 
(9·1)

111 48·8 
(20·6)

–8·70 
(11·0)

0·31

Left ventricular mass index (kg/m²) 112 77·4 
(20·7)

–1·2 
(13·0)

112 78·8 
(21·5)

–4·2 
(11·8)

0·10 91 76·6 
(19·8)

–2·8 
(14·0)

100 79·5 
(22·7)

–1·9 
(19·2)

0·35

Relative wall thickness 116 0·38% 
(0·09)

–0·002% 
(0·045)

114 0·37% 
(0·07)

0·001% 
(0·033)

0·76 98 0·37% 
(0·07)

0·01% 
(0·06)

107 0·37% 
(0·07)

0·01% 
(0·06)

0·96

Tricuspid regurgitant velocity (m/s) 45 2·5 
(0·36)

0·008 
(0·25)

42 2·5 
(0·33)

0·09 
(0·33)

0·19 35 2·6 
(0·44)

–0·01 
(0·24)

42 2·52 
(0·34)

0·06 
(0·35)

0·38

Data are mean (SD). Baseline data are presented for follow-up values.

Table 3: Changes in echocardiographic measures at 12 weeks and 36 weeks 
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PARAGON-HF
Target patient population: ~4,300 patients with symptomatic HF (NYHA Class II–IV) and LVEF ³45%

up to 2 weeks ~240 weeks

Valsartan 160 mg BID

LCZ696 200 mg BID
LCZ696 
100 mg BID

On top of optimal background medications for co-
morbidities (excluding ACEIs and ARBs)

Primary outcome: CV death and total (first and recurrent) HF 
hospitalizations (anticipated ~1,721 primary events)

Valsartan 
80 mg BID*Screening

3–8 weeks

Active run-in period

Double-blind treatment period
Randomization 1:1
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Ranolazine inhibits the increased lateNa+ current, amechanismthat
mayminimize intramyocyteNa+ accumulation and the resultant Ca2+

overload. Reduced diastolic tension was observed in failing human
heart ventricular tissue after exposure to ranolazine.41 Ranolazine
improved diastolic function in non-infarcted ischaemic myocardium,42

in isolated myocardium from failing human hearts,41 and in chronic
stable angina.43 It is hypothesized that ranolazine may have similar
effects in HF-PEF, a condition associated with substantial alterations
of themicrocirculation even in the absenceof coronaryartery stenosis.
The Ranolazine for the Treatment of Diastolic Heart Failure

(RALI-DHF) study was a proof-of-concept trial that evaluated the
effect of ranolazine vs. placebo on haemodynamics, measures of dia-
stolic dysfunction, andbiomarkers in 20patientswithHF-PEFanddia-
stolic dysfunction.44 After 30 min of infusion, significant decreases
from baseline were observed in LV end-diastolic pressure (LVEDP)
and pulmonary capillary wedge pressure (PCWP) in the ranolazine
group, but not in the placebo group.45 Although invasively deter-
mined relaxationparameters and the non-invasiveE/e′ ratiowereun-
altered, these limited data justify additional studies of ranolazine in
HF-PEF (Table 3).

Targeting fibrosis as a phenotype
Left ventricular fibrosis occurs early in the evolution to HF-PEF and
represents a worthy therapeutic target in the syndrome. Fibrosis
comprises both the heart and vascular system and impacts on both
diastolic and systolic function. Fibrosis will lead tomyocardial stiffen-
ing, impede both suction and filling, and the loss of early diastolic
suctionmayhavemajor deleterious effects on impairedexercise cap-
acity in HF-PEF.46 Fibrosis is mediated by alterations in the amount
and composition of collagen within the extracellular matrix.47–49

Collagen synthesis is enhanced in the setting of increased load or ac-
tivation of the renin–angiotensin–aldosterone system (RAAS).47,48

Down-regulationof enzymes that degradecollagenoccurs inpatients
with HF-PEF.47,49–52 It is important to note that elevated myocardial
collagen is present in many, but not all patients,53 clinical tools to
identify it are only evolving in practice settings, and the reliability of
serum markers to reflect cardiac processes is uncertain. Neverthe-
less, recent research has suggested galectin-3 as an emerging bio-
marker with potential utility in identifying patient subgroups that
may specifically respond to anti-fibrotic therapy.54

Mineralocorticoid receptor antagonists
Aldosterone mediates vascular and cardiac remodelling. It binds to
the mineralocorticoid receptor (MR), stimulates cardiac fibroblasts,
and increases collagen synthesis and deposition. These events lead to
myocardial fibrosis and increased LV stiffness.55–61 Inflammation and
oxidative stress are also involved in aldosterone-mediated fibrosis.62

Aldosterone stimulates the expression of several profibrotic mole-
cules [e.g. transforming growth factor-1 (TGF-1), plasminogen acti-
vator inhibitor-1 (PAI-1), and endothelin-1] that contribute to the
pathogenesis of fibrosis.62 Animal studies showed that MR antago-
nists (MRA) prevent collagen synthesis and remodelling.63–67 Small
studies inHF-PEF patients showed improvement in diastolic dysfunc-
tion parameters after treatment with an MRA.68,69

The Aldo-DHF study was a randomized, double-blind, placebo-
controlled trial of spironolactone 25 mg/day or placebo in 422
patients with chronic NYHA class II or III HF, LVEF ≥50%, and
grade ≥1 diastolic dysfunction.18,70 The co-primary endpoint E/e′

was reduced in the spironolactone group, whereas it increased
from baseline in the placebo group. The difference between groups

Figure 3 Role of the nitric oxide–cyclic guanosine monophosphate–protein kinase G pathway in the cardiomyocyte. Cardiomyocyte signalling
pathways involved in regulating cardiac titin stiffness. ANP, atrial natriuretic peptide; BNP, brain natriuretic peptide; CNP, c-type natriuretic peptide;
NO, nitric oxide; PDE5, phosphodiesterase-5; pGC, particulate guanylyl cyclase; sGC, soluble guanylyl cyclase. Adapted with permission from the
Journal of Molecular and Cellular Cardiology 2009;46:490–498.
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% change from baseline

-24.5% -23.3% -27.4% -29.8% -41.0%

p=0.048 p=0.15

-33.1%
Primary endpoint
} Primary analysis: 
NTproBNP reduction in 
pooled 2.5/5/10 mg dose 
groups > reduction in 
placebo (NS, p=0.1506)
} Secondary analyses: 

NT-proBNP reduction in 10 
mg group > placebo 
(p=0.0483; pre-specified 
pairwise comparison, 
exploratory only)

Change in NT-proBNP at 12 weeks (per protocol analysis)

SOCRATES-REDUCED: endpoints
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mean values

28

30

32

34

36

38

40

42

placebo 10 mg

LV
EF

 (%
)

BASELINE WEEK 12

Full analysis set
mean ± standard deviation (SD)

Parameter

Placebo 1.25 mg 2.5 mg 2.5 to 5 mg 2.5 to 10 mg

Baseline Change at 
wk 12 Baseline Change at 

wk 12 Baseline Change at 
wk 12 Baseline Change at 

wk 12 Baseline Change at 
wk 12

LVEF (%) 28.6 + 1.5 29.5 + 2.8 29.2 + 2.7 31.5 + 2.1 29.3 + 3.7
LVEDV (mL) 174 - 7 173 -6 174 -10 177 -17 161 -7
LVESV,(mL) 127 - 7 125 -9 126 -11 125 -15 120 -11

SOCRATES-REDUCED: funzione sistolica

P<0.05

LVEF, left ventricular ejection fraction; LVEDV: left ventricular end-diastolic volume; LVESV: left ventricular end-systolic volume L.IT.MA.05.2017.2516



VICTORIA Trial
Studio di fase III - NYHA II-IV - HFrEF

•Primary objective: To study the efficacy and safety of vericiguat vs. placebo on a background of 
usual care in HFrEF patients
•Target enrollment of approximately 4800 patients with the following:

• HFrEF (EF < 45%)
• NYHA II-IV on standard therapy
• Prior HF hospitalization (6 months) or IV diuretic (3 months)
• Elevated natriuretic peptides
• Not taking long-acting nitrates

• Primary outcome:  composite endpoint of cardiovascular (CV) mortality or HF hospitalization
• Secondary outcomes include: 
• Time to the First Occurrence of CV Death
• Time to the First Occurrence of HF Hospitalization
• Time to Total HF Hospitalizations (including first and recurrent events)
• Time to First Occurrence of Composite Endpoint of All-cause Mortality or HF Hospitalization
• Time to All-cause Mortality 

L.IT.MA.05.2017.2516



SOCRATES-PRESERVED
Endpoint primari: log-NT-proBNP e LAV
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477 HFpEF patients, EF > 45%
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1. Via NO-cGMP

2. Nuovi inotropi

3. Energetica (produzione di ATP)

Cuore al centro …



Omecamtiv mecarbil: attivatore selettivo
della miosina



Omecamtiv mecarbil in HFrEF: 
COSMIC-HF

Teerlink JR et al. 
Lancet 2016





1. Via NO-cGMP

2. Nuovi inotropi

3. Energetica (produzione di ATP)

Cuore al centro …



Inadeguata produzione di energia a livello della
membrana mitocondriale interna

Brown DA, Nat Rev Cardiol. 2017 Apr;14(4):238-250



David A. Brown. Nat Rev Cardiol 2017

Produzione di energia come target terapeutico
nello scompenso cardiaco



Conseguenze della carenza di ferro in CHF: 
alterazione del metabolismo energetico cellulare 

1. Rines AK and Ardehali H. J Mol Cell Cardiol. 2013; 55: 50–57
2. Saba Haddad, European Heart Journal (2017) 38, 362–372, 
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Il ferro è necessario poiché è un componente dei cluster Fe/S proteici e dei 
gruppi Fe-eme dei citocromi dei complessi I-IV responsabili del trasporto degli 
elettroni, che  sostiene l’attività dell’ATP sintetasi all'interno dei mitocondri1



World Health Organization. Iron deficiency anaemia. Assessment, prevention and control: A guide for programme managers.; 2001:1-114

Carenza di ferro:
relazioni con l’anemia

Definition of Iron deficiency: 
serum ferritin <100 µg/L or <300 µg/L, if TSAT <20%



FCM improved self-reported PGA scores at week 24
Odds ratio for better rank: 2.51 (95% CI 1.75,3.61), P<0.0001

Endpoint primario 1:
Patient Global Assessment a 24 settimane

FCM
Placebo

50% vs 27%

Anker S et al, NEJM 2009

459 HFrEF patients, LVEF<45%



Endpoint primario 2:
classe NYHA a 24 settimane

FCM
Placebo

FCM improved NYHA functional class at week 24
Odds ratio for improvement by 1 class: 2.40 (95% CI 1.55,3.71), P<0.0001*

47% vs 30%

Anker S et al, NEJM 2009



FCM improved 6MWT at week 24

FCM vs placebo: 33 ± 11 m (least squares mean ± SE)

P=0.002
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300 HFrEF patients, LVEF<45%

Ponikowski P et al. Eur Heart J. 2015
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Median (25th-75th percentile) Median (25th-75th percentile)

Lewis GD et al., IRONOUT-HF – JAMA 2017

Baseline peak VO2 (IQR) 13.3           12.9
(11.4–15.8)  (10.5–15.6)   

Ironout-HF
300 patients, LVEF<40%



Studi in corso di Mortalita‘ e Morbidita‘con terapia
marziale e.v.
Study AFFIRM AHF1 FAIR HF22 HEART FID3 IRONMAN4

Design Prospective, double-blind, 
randomised, parallel-group, 

placebo  controlled 

Prospective, double-blind, 
randomised, parallel-group, 

placebo  controlled 

Prospective, double-blind, 
randomised, parallel-group, 

placebo  controlled 

Prospective, single-blind, 
parallel group, randomized, 

open-label, multicentre

Population Patients (N=1100) admitted 
with acute HF and stabilized, 

and iron deficiency

Patients (N=1200) with CHF 
(or acute HF) and iron 

deficiency

Patients (N=3014) with CHF
and iron deficiency

Patients (N=1300) with 
HFrEF and iron deficiency

i.v. iron Ferric carboxymaltose Ferric carboxymaltose Ferric carboxymaltose Iron (III) isomaltoside

Primary 
endpoint

Effect on the composite of 
recurrent HF hospitalizations 
for worsening HF and CV 
death up to 52 weeks after 
randomization

Combined rate of recurrent 
hospitalizations for HF and of 
CV death after at least 12 
months of follow-up

Treatment response over 12 
months for incidence of death, 
incidence of hospitalization for 
heart failure and change in 6 
MWT

CV mortality or 
hospitalization for worsening 
HF (analysis will include first 
and recurrent 
hospitalisations). Minimum 
2.5 years follow-up from last 
patient  recruited



Agonista parziale dell’adenosina (Neladenoson): un 
nuovo meccanismo

59 •

Partial A1R Agonists à desired physiological effects 
• Improvement of cardiac function and myocyte 

energetics
• Prevention of progressive remodeling 
• No effects on BP and AV conduction 
• Reduction of Free Fatty Acid (FFA)
• No CNS effects
• Protection of renal function

Full A1R Agonists à undesired physiological effects 
• Bradycardia
• Higher degree AV block
• Negative inotropy
• CNS effects: sedation
• Antidiuretic effects

Nell, Albrecht-Küpper. Prog Med Chem 2009
Greene et al. Heart Fail Rev 2016;

IMPROVES
ENERGETICS IMPROVES

CA++ HANDLING



Safety
No effects on BP 
No effects on PR conduction/no higher degree AV-blocks or syncope – transient
mild decrease in HR (2-5 bpm) – no increase of cardiac markers (hsTnT)
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Voors AA et al. J Clin Pharmacol 2017

20 MG IMPROVED (AND PLACEBO,
DUE TO BASELINE DIFFERENCES)

TREND TOWARDS AN IMPROVED
SEGMENTAL FUNCTION WITH 20 MG:

RECOVERY OF VIABLE
DYSFUNCTIONAL MYOCARDIUM

PARSIFAL PILOT STUDY



Design
2 multicenter, randomized, parallel-group, placebo-controlled, double-blind,

dose finding phase II studies of 5 dose regimens of the oral
partial adenosine A1 receptor agonist neladenoson bialanate over 20 weeks

Inclusion Criteria

≥18 years old ≥45 years old
CHF diagnosis, NYHA II-IV (≤6 m) CHF diagnosis, NYHA II-IV (≤6 m)

LVEF ≤35% (≤6 m) LVEF ≥45% (≤6 m)
worsening CHF requiring hospitalization or 

unscheduled visit (≤3 m), both requiring 
initiation/intensification of HF therapy AND

NT-proBNP ≥400/1200 (SR/AF) ≤3 m AND/OR
NT-proBNP ≥1200/2400 (SR/AF) ≤1 m

diuretic (≤6 m) AND
NT-proBNP ≥300/900 (SR/AF) (≤6 m) AND

LA enlargement / LV hypertrophy / 
elevated filling pressure (≤6 m)

6MWD 100-550 m
Primary Outcome LVEF change at 20 weeks 6MWD change at 20 weeks

Sample size 384 patients in 6 arms
(allocation 5/10/20/30/40/placebo=1:2:2:2:2:3)

288 patients in 6 arms
(allocation 5/10/20/30/40/placebo=1:2:2:2:2:3)

61 •

Agonista parziale dell’adenosina nello
scompenso cardiaco: trials di fase II

ClinicalTrials.gov Identifier: NCT02992288



Szeto, Birk, Am J Physiol 2014
Szeto, Birk, Am J Physiol 2014
Szeto HH, Birk AV. Clin Pharmacol Ther. 2014 

Normal Mitochondria Diseased Mitochondria Diseased After Elamipretide Treatment

Cardiolipin in the Inner Mitochondrial Membrane (IMM)
Establishes Structure, Enables Function

Cardiolipin

Elamipretide (Bendavia)



Elamipretide e sistema neuro-ormonale

Sabbah HN et al. Circ Heart Fail 2016



Elamipretide e sistema neuro-ormonale

Sabbah HN et al. Circ Heart Fail 2016



Heart Failure Program
Elamipretide Unique MOA Supports Addressing Large HF Unmet Need 

HFpEF Trial Phase 2 Study SPIHF-203

● Double-blind placebo control
● 1 month duration of therapy
● Primary efficacy endpoints assessment of E/e’ at rest and 

during submaximal stress

HFrEF Trial Phase 2 Study SPIHF-201

IDDEA-HF Phase 2 Study SPIHF-204 

● Double-blind placebo control
● 1 month duration of therapy
● Primary efficacy endpoints assessment of heart function 

by MRI and Echo, 6 MWT, biomarkers

● Double-blind placebo control
● 7 day duration of therapy
● Primary efficacy endpoints assessment of NT pro-BNP, 

weight, biomarkers

H1 H2 H1 H2 H1 H2
2016 2017 2018

Acute HF Trial Phase 3 
Study

● Patients hospitalized with acute heart 
failure

● Administer in hospital and discharge 
home on elamipretide

● Opportunity for acute and chronic 
indications

46 patients 
2 arms 

• 1 active 
• 1 placebo

45 patients 
3 arms 

• 2 active 
• 1 placebo

300 patients 
2 arms 

• 1 active 
• 1 placebo



Possibili meccanismi nefro/cardioprotettivi degli inibitori di SGLT2. 

Hiddo J.L. Heerspink et al. Circulation. 2016

SGLT2 inhibitors in heart failure 7

Table 1 Ongoing trials with sodium–glucose co-transporter 2 inhibitors

Drug Cohort Primary endpoint
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Canagliflozina Chronic HF Change from baseline aerobic exercise capacity at 12weeks
Change from baseline ventilator efficiency at 12weeks

Dapagliflozina Chronic HF Time to first occurrence of CV death or hospitalization for
HF or urgent HF visit

CKD Time to first occurrence of ≥50% sustained decline in
eGFR or reaching ESRD or CV death or renal death

Empagliflozina HFpEF Time to first adjudicated CV death or adjudicated
hospitalization for HF

HFrEF
CKD Composite CV death and renal disease progression

Luseogliflozin HFpEF Change in BNP at 12weeks
Ertugliflozin N/A N/A
Sotagliflozin N/A N/A

BNP, B-type natriuretic peptide; CKD, chronic kidney disease; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; HF, heart failure;
HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; N/A, not applicable.
aCurrently approved by the Food and Drug Administration and European Medicines Agency.

One unifying hypothesis is that the dominant mechanism of
action of empagliflozin is a glucouretic effect without the usual
adverse effects of conventional diuretics. In the EMPA-REG OUT-
COME trial, the early, sizeable and persistent effect of empagliflozin
in raising haematocrit and serum albumin, a drop in blood pres-
sure, and a decrease in body weight may be interpreted as the
effect on plasma volume and haemoconcentration, resulting from
a benign ‘smart’ or ‘diabetes-directed’ diuretic effect. Indeed, this
glucouretic effect is a striking variance with those observed with
all other diuretics. The apparently adverse effects inherently associ-
ated with the pharmacology of the conventional loop diuretics and
thiazides used in HF may counter and/or dampen their potential
survival benefits. Still, other mechanisms such as changes in car-
diac metabolism by SGLT2 inhibitor treatment may also contribute
to beneficial effects in HF. In addition to clinical trials, further lab-
oratory experimental data are warranted to further elucidate the
underlying mechanisms of cardioprotection.

Class effect of sodium–glucose
co-transporter 2 inhibitors
While empagliflozin proved effective in reducing cardiovascular
death and HF hospitalization risks, these analyses need to be
replicated with other SGLT2 inhibitors before it can be ascertained
if this is a class effect or a drug-specific effect. In the near
future, studies with canagliflozin and dapagliflozin will also report
cardiovascular outcome results, shedding further light on this
issue.88,89

Future direction
The EMPA-REG OUTCOME trial was designed to study high-risk
T2DM patients. This trial was not designed to assess the benefits
of empagliflozin in patients with HF. Only a distinct minority of .
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. these patients (∼10%) had a history of HF. Secondary analyses

of the HF subgroup provides interesting hypotheses for potential
benefits of this drug in HF; however, the strength of evidence is
not sufficient to recommend its use for the treatment of patients
with HF and none of the HF guidelines currently recommend
it for HF treatment. There have been examples in the past of
cardiovascular drugs that have benefited patients with T2DM and
CVD and were also shown to be of benefit in observational studies
in HF. However, when dedicated adequately powered HF trials
were done, no benefit was seen in improving HF outcomes.

A full characterization of the HF population, including infor-
mation regarding left ventricular ejection fraction was not per-
formed in the EMPA-REG OUTCOME trial, as this was not a
HF study. None of the therapies shown to improve survival
in patients with HFrEF, such as angiotensin-converting enzyme
inhibitors or beta-blockers or mineralocorticoid receptor antag-
onists, have been conclusively demonstrated to improve outcomes
in patients with HFpEF. Thus, outcomes related to HF therapies
should be tested in specific populations. Also, while the EMPA-REG
OUTCOME trial was performed in patients with T2DM, the phar-
macodynamic effects of empagliflozin lends itself to potentially also
benefit patients with HF who do not have diabetes.

Based on these reasons, it is imperative to study this drug
in adequately designed and powered dedicated HF clinical tri-
als. This is of particular importance considering the increasing
prevalence of patients with both HF and T2DM concomitantly.
While this possibility remains, further studies to better under-
stand the pharmacodynamic effects of SGLT inhibitors in patients
with HF, including those without diabetes, are warranted. Impor-
tantly, larger outcomes trials are needed with these agents. These
should of course also determine the safety of these agents, assess-
ing in particular rates of genital infection and ketosis.21 There are
currently several phase III outcomes trials planned and just start-
ing with empagliflozin and dapagliflozin. Empagliflozin will be stud-
ied in patients with HFpEF (EMPEROR-Preserved)90 and HFrEF

© 2017 The Authors
European Journal of Heart Failure © 2017 European Society of Cardiology

Ongoing trials

Butler J et al. Eur J Heart Fail 2017



? Quali sono oggi gli “Unmet clinical needs”
piu’ importanti in Cardiologia

a. Scompenso Cardiaco a Funzione Sistolica Preservata

b. Scompenso Cardiaco Acuto



HFpEF: Fisiopatologia

Heterogeneity
in HFpEF

Senni M et al.  Eur Heart J 2014



Acute CHF

Acute CHF
Differenti quadri fisiopatologici

Pulmonary 
edema

Cardiogenic shock

RV failure
High output

failureHypertensive
AHF



HFpEF: approccio per fenotipi clinici

Senni M et al.  Eur Heart J 2014



Come Alessandro Magno …

1.  Conoscere la natura del posto e le proprie forze

2.  “Personalizzare” ogni conquista di citta’



HFpEF e scompenso acuto:  quale futuro a medio 
e lungo termine della terapia medica

Terapia personalizzata sulla base dei
fenotipi, conoscendo la fisiopatologia e 
il meccanismo d’azione dei farmaci, 
invece dell’approccio “one-pill-fits-all”.


