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Abstract—Compared with heart failure (HF) care 20 to 30 years ago, there has been tremendous advancement in therapy for
ambulatory HF with reduced ejection fraction with the use of agents that block maladaptive neurohormonal pathways.
However, during the past decade, with few notable exceptions, the frequency of successful drug development programs
has fallen as most novel therapies have failed to offer incremental benefit or raised safety concerns (ie, hypotension).
Moreover, no therapy has been approved specifically for HF with preserved ejection fraction or for worsening chronic
HF (including acutely decompensated HF). Across the spectrum of HF, preliminary results from many phase II trials have
been promising but are frequently followed by unsuccessful phase III studies, highlighting a disconnect in the translational
process between basic science discovery, early drug development, and definitive clinical testing in pivotal trials. A major
unmet need in HF drug development is the ability to identify homogeneous subsets of patients whose underlying disease
is driven by a specific mechanism that can be targeted using a new therapeutic agent. Drug development strategies should
increasingly consider therapies that facilitate reverse remodeling by directly targeting the heart itself rather than strictly
focusing on agents that unload the heart or target systemic neurohormones. Advancements in cardiac imaging may allow
for more focused and direct assessment of drug effects on the heart early in the drug development process. To better
understand and address the array of challenges facing current HF drug development, so that future efforts may have
a better chance for success, the Food and Drug Administration facilitated a meeting on February 17, 2015, which was
attended by clinicians, researchers, regulators, and industry representatives. The following discussion summarizes the key
takeawaydialoguefromthismeeting.  (CircHeartFail.2016;9:e002727.DOI:10.1161/CIRCHEARTFAILURE.115.002727.)
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Persistent Unmet Need for Better
Treatments for Heart Failure

inhibition.1,2 However, despite provision of all available
therapies, ambulatory patients with HFrEF continue to have
poor long-term outcomes, and with few notable exceptions,
successful phase III clinical trials with this population during the past decade have been rare.1,3,4 Moreover, and perhaps
most alarming, there have been no successful phase III trials
in worsening chronic HF (WCHF) or HF with preserved EF

Morbidity and mortality for ambulatory patients with heart
failure (HF) and reduced ejection fraction (HFrEF) have
improved in recent decades through neurohormonal modulation using renin–angiotensin–aldosterone system blockade, β-adrenergic blockade, and most recently, neprilysin
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(HFpEF), populations that together account for the majority
of the HF burden.
Overall, HF remains the most common cause of hospital
admission for people over the age of 65 years in the United
States.5 More than 80% of hospitalized patients with HF have
decompensated chronic HF, now termed WCHF,6 with <20%
having a first-event (ie, de novo HF) or end-stage HF at admission.5,6 Although rapid and substantial improvements in signs
and symptoms are generally achieved during hospitalization
with simple therapies (ie, diuretics), postdischarge outcomes
for patients with WCHF remain poor, with ≈25% readmission
risk within 30 days7,8 and ≈30% mortality risk within 1 year of
discharge.9 During the past 2 decades, despite advances in evidence-based therapies in ambulatory HFrEF, national policy
measures to augment guideline adherence, and the investment
of billions of dollars into trials of promising interventions for
WCHF, there has been no significant reduction in the postdischarge adverse event rate.9
Thus, the patients at the greatest need for effective therapies remain without options. A disconnect exists between the
promise of basic science, clinical research, and drug development and the desired improvement in human health. Many
causes have been cited for the recent negative trials in HF,
including the drugs themselves, over optimistic interpretation of phase II data, heterogeneity of the HF syndrome (with
poor matching of patients/pathophysiologies to appropriate
therapies), patient selection protocols, chosen clinical end
points, or trial execution.10–15 Any one of these possibilities
or their combination may underlie the reason that clinical
findings observed in phase II trials have not been substantiated in phase III trials for HF.16 To better understand and
address the array of challenges facing current HF drug development, so that future efforts may have a better chance for
success, the Food and Drug Administration facilitated a
meeting on February 17, 2015, which was attended by clinicians, researchers, regulators, and industry representatives.
The following discussion summarizes the key messages from
this meeting.

Reaching the Limit of Benefit From
Modulating the Periphery
Neurohormonal agents, such as renin–angiotensin–aldosterone system blockers and β-blockers, undoubtedly have
myocardial effects, but their effects on the peripheral circulation are substantial. The majority of the current therapeutic
armamentarium for HFrEF, including angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers, β-blockers,
hydralazine, nitrates, mineralocortoicoid receptor blockers,
and neprilysin inhibitors, all have blood pressure–lowering effects that are often additive in an individual patient.17
Although neprilysin inhibition with LCZ696 (valsartan/
sacubitril) was recently shown to improve outcome in stable
outpatients with HFrEF,1 all trials to date of treatments for
patients with WCHF have been negative, which may suggest
that neurohormonally focused strategies have reached a point
of diminishing return (Table 1). In addition, further reducing
blood pressure in HFrEF with therapies that cause vasodilation
may increase the risk of myocardial injury and hypoperfusion
of critical organ systems, such as kidney, gut, and brain, with

the potential for a J-shaped benefit curve.17 In HFpEF, modulation of the peripheral circulation is still an important possible
therapeutic target; however, neurohormonal modulation with
renin–angiotensin–aldosterone system blockade or β-blockade
has failed to show major benefits in HFpEF. An ongoing phase
III trial will determine if clinical benefits of neprilysin inhibition in chronic ambulatory HFrEF are generalizable to HFpEF
patients (http://www.clinicaltrials.gov NCT01920711). Thus,
the heart itself remains a target in HFpEF that has been understudied from a clinical trial standpoint.
Table 1.

Summary Points

Point 1: Lack of therapies for WCHF and HFpEF continues to be a huge
unmet need
 Mortality and morbidity among patients with stable systolic dysfunction
has improved by modulating neurohormonal abnormalities, but the longterm clinical outcomes are still poor. We have thus far failed to improve
outcomes in WCHF and HFpEF.
Point 2: The macroscopic and microscopic structural abnormalities of the
heart should be the focus of HF research and drug development
 Structural cardiac abnormalities represent the proximal causes of HF,
but interventions often target issues secondary to the failing heart.
Most patients die with considerable dysfunctional viable myocardium,
unlike end-stage renal disease or liver failure/cirrhosis where residual
tissue viability (ie, tissue capital) is minimal at the point of clinical
organ failure.
Point 3: A potential path for greater probability of translational success
involves an early T1 mechanistic phase
 This is a 2-step approach: 1) Demonstrate benefit in animal studies;
2) Test the hypothesis and agent in small mechanistic clinical models
(termed T1 trials) that investigate mechanism-function relationships
using biomarkers and imaging. Reverse remodeling could be redefined
as long-lasting improvement in myocardial function, with concomitant
recovery of structural, electric, signaling pathway activity, or metabolic
function. Confirmation of efficacy could include improvement in the
target that lasts substantially longer than drug exposure. Irrespective
of the models and analytical methods used, demonstration that target/
pathway engagement corresponds with reverse remodeling in early T1
trials would build scientific, clinical, and regulatory confidence in the
intervention and promote advanced investigation in broader populations
of HF patients.
Point 4: Advanced imaging may be useful in proof-of-mechanism studies
for novel interventions
 Novel imaging can detect relevant anatomic and functional features on
which many diverse pathophysiological pathways converge. Whether
a drug targets calcium signaling, microcirculation, mitochondrial
function, substrate shifts, or myocardial regeneration, clinically relevant
markers include ventricular function, cardiac structure, perfusion,
viability, and energetics, all of which can be inferred through advanced
imaging.
Point 5: Testing novel therapeutic hypotheses to extend healthy life among
HF patients must continue
 Identifying homogenous patient subsets whose condition is clearly
or likely to be driven by the mechanism targeted by the therapeutic
intervention is challenging, but not limiting. We should match the
therapeutic mechanism of an agent with the patient subgroup most
likely to benefit. Given the unmet need for therapy in WCHF and HFpEF,
testing novel hypotheses for extending healthy life among HF patients
must continue aggressively.
HFpEF indicates heart failure with preserved ejection fraction; and WCHF,
worsening chronic heart failure.
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Cardiac Reserve in HF Versus
Other End-Organ Failure
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Similar to patients with kidney or liver failure, patients with
HF may have severe impairment in organ function and significant macroscopic distortion of organ structure. However,
unlike patients with end-stage renal disease or cirrhosis where
fibrosis may predominate and residual viable tissue (ie, tissue capital) is minimal at the point of clinical organ failure,
most patients with HF, even at the time of death, have an abundance of cardiac reserve.18 Typically, more than two thirds of
the myocardial segments in patients with HFrEF have either
no scar or scar limited to the subendocardium with <50%
transmural involvement, suggesting that these patients have
ample viable myocardium and hence the potential to improve.
Although failure of any end-organ will undoubtedly always
be correlated with some unescapable risk of morbidity and

mortality regardless of therapeutic advancements, it is this
unique presence of significant viable tissue that may differentiate HF and suggests that significant further therapeutic
gains are possible but yet to be defined. This is supported
by the finding that patients with dysfunctional viable myocardium experience more robust response to proven HF
therapies, including greater reductions in clinical events and
improvements in left ventricular function.19,20 Even patients
with dilated hearts can show significant improvement with
therapies, such as β-blockers.2 Clinically, the majority of these
treatment responders do not have end-stage HF based on their
blood pressure, renal function, biomarker profile, and rapid
response to diuretics. Thus, in HFrEF, the potential for myocardial recovery is possible for many patients.18
These observations when coupled with the poor recent
success rate for phase III trials of interventions targeting

Figure 1. Molecular mechanisms of myocardial dysfunction with potential therapeutic targets. AKT indicates protein kinase B; AT-R,
angiotensin receptor; Ca2+, calcium; ECM, extracellular matrix; GSK3B, glycogen synthase kinase 3-β; HDAC, histone deacetylase; Mel,
Melusin (integrin-bound protein); miRNA, micro-RNA; MLP, muscle LIM protein; mtDNA, mitochondrial DNA; NF-AT, nuclear factor of activated T cells; PRDX3, peroxiredoxin; ROS, reactive oxygen species; RyR, ryanodine receptors; SERCA2a, sarco(endo)plasmic reticulum
Ca2+ATPase; SR, sarcoplasmic reticulum; and TGF, transforming growth factor. Reprinted from Wilcox et al18 with permission of the publisher. Copyright © 2015, Elsevier.
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systemic neurohormones generate the hypothesis that structural and molecular components of the heart should be the
main therapeutic targets for future HF drug developmental
efforts.21,22 Thus, the potential to re-engage residual capital
in the heart to improve left ventricular structure and function
seems to represent a significant opportunity for eventual success in HF.

The Heart Is the Main Therapeutic Target
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Although it seems logical to focus on the heart as the main target of drug development for HF, this has not been the case of
late. This diversion away from the heart is likely, in part, due
to previous early experiences with inotropes and the finding
that brisk short-term improvements in cardiac function and
hemodynamics may come at the price of increased adverse
events and mortality. Subsequently, the treatment paradigm
shifted toward agents that, if anything, may actually worsen
short-term hemodynamics (ie, reduce contractility and cause
hypotension) but improve longer-term clinical outcomes.
Industry representatives noted that internal HF research and
development has now shifted back to the heart itself rather
than following the approach of unloading the heart. Such an
approach may be increasingly possible as novel biomarkers
and imaging modalities allow more focused and direct assessment of drug effect on pathophysiology early in drug development, a feature that was less available in the past. It was noted
that as a field, we may be reaching the limit of benefit we
can extract from manipulation of systemic neurohormones,
particularly after the discovery of neprilysin inhibition. Likewise, neprilysin inhibitors and agents that block the sympathetic and renin–angiontensin–aldosterone system may lower
blood pressure as an intended or unintended consequence, and
continued stepwise addition of novel hemodynamically active
agents to target doses of existing therapies raises safety and
tolerability concerns.17
Accordingly, the potential for development of hemodynamically neutral pharmacotherapeutics targeting myocardial
hibernation, energetics, cardiomyofiber isoform switching,
and excessive apoptosis, among others, were cited as targets
for which therapeutic strategies are being pursued by industry.

However, to fix the heart through appropriate intervention at
≥1 of these putative targets, we need to understand the specific defects that are present and not merely identify that some
uncharacterized defect must exist given that there is reduced
function. Unfortunately, as a field, we lag in understanding the
development, evolution, and course of major cardiac abnormalities yielding pump dysfunction. These include abnormalities in the cardiomyocyte (eg, signaling pathways, myofibrillar
function, mitochondrial energetics, and calcium handling),
interstitium, microcirculation, and varied interaction of these
components (eg, the effect of fibrosis on the microcirculation
and vice versa; Figure 1).18 Abnormalities in the heart represent the proximal causes of HF, but much research to date has
focused on the secondary effects of HF (eg, neurohormonal
activation, arrhythmias, congestion, hemodynamics, and renal
function). Although efforts to identify treatments for these
secondary effects and other end organs (ie, cardio-renal syndrome) should not be abandoned, we think that there should
be new added focus on therapies that directly target the heart
with the goal of improving cardiac structure and function.
The goal of direct cardiac modulation should be to slow
and halt degradation of cardiac function and then to reverse
its clinical course back toward normal with the use of restoration therapies. Here, it is important to distinguish between
transient and long-term restoration. For example, inotropes
improve cardiac output acutely but cause myocyte damage
and predispose to arrhythmias that precludes chronic use.23
New strategies should aim beyond a transient improvement
in pump function and attempt to improve microscopic and
macroscopic abnormalities, including those in interstitium,
cardiomyocytes, cardiac microcirculation, and in metabolic
pathways (Figure 2). In other words, they should aim to
reverse the deleterious organ remodeling that has occurred at
multiple levels.
There is no universally agreed upon definition of reverse
remodeling. In the context of contemporary clinical trials, reverse
remodeling in HFrEF is generally equated to an improvement in
EF or ventricular volumes; however, neither parameter offers a
direct assessment of myocardial function, and both are affected
by preload and afterload.24 Furthermore, neither is applicable to

Figure 2. Enhanced phenotyping of myocardial substrate leading to targeted therapies with the goal of achieving myocardial
recovery. DVM indicates dysfunctional but
viable myocardium; and EF, ejection fraction.
Reprinted from Wilcox et al18 with permission of the publisher. Copyright © 2015,
Elsevier.
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Table 2. Broad Categories of Targets for Cardiac-Focused
Heart Failure Therapies
Tissues
 Cardiomyocytes
 Extracellular matrix
 Coupling of cardiomyocyte to extracellular matrix
Circulation
 Coronary macrocirculation
 Coronary microcirculation
 Cardiac lymphatics
Whole organ coordination
 Myocardial scar
Downloaded from http://circheartfailure.ahajournals.org/ by guest on November 24, 2017

  
Focal
  
Diffuse
 Valvular heart disease
 Synchrony
  
Electric
  
Mechanical
  Atrioventricular, interventricular, and intraventricular
 Right ventricular function
Metabolism
 Glucose utilization
 Mitochondrial function
 Calcium handling
Vascular coupling
 Venous/arterial interactions
 Pulmonary/systemic interactions
 Ventricular–vascular coupling

HFpEF. To better create and evaluate effective, restorative HF
therapies targeting the heart itself, reverse remodeling could be
redefined as a long-lasting improvement in myocardial function,
with a concomitant recovery in structural (ventricular and atrial,
fibrosis, and vascular), electric (conduction and arrhythmias),
signaling pathways, or metabolic components. An empirically
testable early confirmation of efficacy would be evidence that
improvements in function (systolic or diastolic) last substantially longer than drug exposure. These changes may include
not only classic HF end points of mechanical function but also
electric and even metabolic function. Thus, reverse remodeling encompasses both gross remodeling and remodeling on the
cellular level. Table 2 lists categories of cardiac-focused targets
for HF therapies that greatly expand the traditional clinical trial
notions of reverse remodeling. Successful improvement in these
markers will be most easily observed by their application to etiologically homogeneous HF populations.

Need for Detailed Early Evaluation
of Effects on Cardiac Function
When considering the potential efficacy of a tested therapeutic, it
is important not only to select homogeneous HF populations but

also to use technologies that provide metrics of early response to
treatment. In this way, one can theoretically obtain mechanistic
insight if a positive signal is seen in a distinct pathway. Whether
an intervention targets calcium signaling, microcirculation,
mitochondria, or regeneration, the relevant evaluation could
include cardiac structure, function, perfusion, viability, fibrosis,
and energetics. Although infrequently performed in HF trials,19
the importance of understanding the cardiac substrate for better
targeting of therapies cannot be overstated.10,25 This is not to say
that systemic pathways that contribute to disease progression
(eg, inflammation and endogenous catecholamines) should not
be assessed. It may be prudent, however, to focus on whether
modulation of such mechanisms can improve the metrics of specific cardiac pathways.
Proper use of animal models and appropriate decision
making based on their results are important considerations as
animal testing and other preclinical studies will continue to
play an important role in the development of new HF therapies. Some improvements to past practices may be advisable. Traditional animal HF models may be too simplistic.
For example, a tachycardia-pacing model of systolic HF is
unlikely to have the same level of microvascular or energetics dysfunction as a genetic metabolic disorder model, leading
to ventricular dysfunction. Hence, a generic model may not
allow assessment of specific mechanistic aspects of the target
pathway, and future models should be tailored to the specific
disease process underlying the cardiac dysfunction. Although
several animal models of HF exist, more are needed, and in
particular, there remains a pressing need for better animal
models of HFpEF.26
With the caveat that there may be differences between animal species and humans, it may be useful to conduct animal
testing with standard-of-care therapies as background. This
may require weeks of background treatment before initiation
of the test drug to ensure that observed changes are driven by
the intervention rather than initiation of background therapy.
Thus, such an approach will have cost and time consequences.
In addition, it is unclear which and how many background
therapies should be included in animal studies. Moreover, it
seems reasonable to consider age and select comorbidities in
development of animal models, but practical means for incorporating these factors remain to be determined.
Several clinical trial considerations, such as independent
study replication, double-blind randomization, prespecification of analysis plans and outcome measures, independent
core-laboratory analysis of imaging and other biomarkers,
and multicenter enrollment, among others, have indisputable
value in clinical research but are rarely implemented in animal
research. Although these elements may result in higher initial
upfront trial costs, they may curtail costs overall by preventing
unwarranted graduation of molecules with low likelihood of
success to the expensive phase III testing stage. Nonetheless,
key questions with respect to preclinical animal studies
remain. For example, (1) what are the best parameters in animal studies that might predict clinical benefit in humans? (2)
what is the magnitude of benefit in animals that is considered
exciting and supportive of clinical experimentation? and (3)
what biomarkers included in clinical trial studies should be
given more weight in animal studies?
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A current handicap in HF drug discovery is our inability to measure improvements in human heart function before
overt clinical events. Novel imaging options using advanced
echocardiographic or cardiac magnetic resonance imaging
or other modalities may improve such evaluation24 but will
require dedicated protocols and expertise and centers to perform them. In addition, molecular imaging with positron
emission tomography can provide insights into pathophysiology, target receptor dynamics, quantitative assessment of the
target of interest, drug dose and receptor engagement, and
perfusion and metabolic state of the heart. For example, positron emission tomography can validate a molecular target of
interest by showing abnormalities in patients with HF compared with controls and occupancy of the target by a novel
pharmaceutical, thereby helping in early go/no-go decisions.
An advantage of cardiac magnetic resonance and 3-dimension (3D) compared with conventional 2D echocardiography
is an improvement in reproducibility of measurements, leading to potential reduction in the sample size needed to demonstrate a signal.
Given its multifaceted nature, cardiac magnetic resonance
may be particularly useful in proof-of-mechanism studies for
novel HF interventions because this tool can assess multiple
relevant anatomic and functional metrics on which pathophysiological pathways converge. As noted earlier, whether
an intervention targets calcium signaling, the microcirculation, mitochondrial biogenesis, substrate shifts, or myocardial
regeneration, important imaging biomarkers may include ventricular function, cardiac structure, and myocardial perfusion,
viability and fibrosis, all of which can be measured by cardiac
magnetic resonance.

Clinical Models
One benefit of animal research is the homogeneity of the
underlying cardiac substrate. However, the translation from
findings in animals to humans is often problematic. One
approach that weds the homogeneity of animal studies with
the clinical applicability of human studies is the development of clinical model. Clinical models of HF in this context would be defined as groups of prototypical patients who
have a defined, uniform phenotype and therefore may reflect
a more homogeneous mechanistic basis for the development of HF. Although undoubtedly some heterogeneity will
remain, the goal is to minimize heterogeneity, so future trials
can be targeted toward specific types of patients. Patients can
be grouped into clinical models using a variety of metrics.
For example, nonischemic cardiomyopathy patients with no
fibrosis is an example of a clinical model that could be targeted with specific therapies.27
Clinical models may improve specificity and provide focus
on the primary cause and its pathophysiological consequences.
This could facilitate mapping of cellular and physiological
pathways with the potential for finding unique biomarkers
that track when a target and a pathway are engaged. The concept of testing a specific hypothesis in a small, well-defined
cohort with a distinct pathophysiology has been termed the T1
phase of clinical development.15,28 During subsequent stages
in larger cohorts, it will be important to demonstrate correlation between laboratory and imaging markers, which reflect

mechanism of action and biological target engagement, with
clinically relevant outcomes.
An important limitation to the rational generation and
testing of therapeutic hypotheses in HF is the difficulty in
prospectively identifying patients whose disease is clearly
driven by the mechanism of action to be tested. For example,
it is not obvious how to segment patients into subsets where
worsening HF is primarily driven by a myocardial energy
deficit, or poor relaxation caused by stiffening by excess
fibrosis, or poor relaxation caused by a calcium-handling
deficit. Although undoubtedly multiple overlapping impaired
processes may be present in any particular patient, the inability to determine the primary mechanism underlying HF in a
specific patient impairs our ability to test novel hypotheses. It
is for these reasons that the development of defined clinical
HF models is so important.

Practical Considerations From
Industry Sponsors
There is decreasing interest to fund large HF trials when
insurers are unwilling to pay for expensive drugs. The current reimbursement landscape, combined with the difficulty
of selecting patients based on the identification of a specific
mechanism of action responsible for the phenotype, represents
a growing threat to the resourcing of new drug development.
Industry HF programs will continue to face internal pressure
if they cannot credibly offer precision medicine strategies
for management as investment opportunities are becoming
more prevalent in other therapeutic arenas. HF drug discovery
requires ample time and money to transition from preclinical
to large, outcome-based studies. These features make HF drug
development less appealing compared with other areas where
it is easier to target a new medication to a distinct subset of
patients who will likely benefit. For example, simple serum
biomarkers or tissue biopsy results can be used to identify
subsets of patients with cancer most likely to benefit from a
candidate therapy. HF should consider analogous strategies to
present better investment cases.
An additional challenge facing HF drug development is the
decreasing appetite to fund the large outcomes trials traditionally needed for registration. In contrast, other fields, such as
oncology, make drug discovery more palatable by using trial
designs with softer outcome measures, such as progression-free
survival, that are still recognized as sufficient by regulatory bodies. Approaches to reduce sample sizes for morbidity and mortality trials by selecting high-risk patients must be balanced with
the consideration that a positive response may be less likely in
patients with end-stage disease.
Accelerated approval allows a therapy to be approved
in the United States on the basis of a surrogate end point
thought reasonably likely to predict the ultimate clinical outcome of interest. Such approval comes with the obligation to
verify that actual clinical benefit in the postmarketing setting.
Perhaps some new therapy’s effects on a novel mechanism
will sustain the case for being reasonably likely, but it will be
necessary that the confirmatory study be considered feasible
to use this regulatory pathway. For chronic therapy, this may
be difficult.
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Conclusions

References

Despite the growing public health and economic burden,
phase III clinical trials have failed to produce positive results
in WCHF and HFpEF. A variety of small and large animal models have been used to mimic the complex human
HF phenotype; yet, the transition from bench to bedside
has borne little fruit and perhaps relates more to serendipity than to science. We firmly believe that future research,
discovery, and development efforts in HF should have the
macroscopic and microscopic abnormalities of the heart as
the principal target for therapy. Although laboratory science
will continue to play an important role in the development
of new therapies, its interpretation and use for decision making must improve. The conduct of early phase translational
research with identification of well-phenotyped human
patients for highly focused clinical trials investigating therapeutic mechanisms in human patients is critical for success.
The advent of sophisticated cardiac imaging offers a novel
approach to characterize and define the myocyte and interstitium, creating phenotypic models of HF for enrollment.
This roadmap should help resolve some of the challenges
of conducting clinical trials in HF, especially WCHF and
HFpEF, with the ultimate goal of improving HF outcomes
worldwide. We believe that therapeutic approaches directly
targeting specific macroscopic and microscopic defects in
cardiac structure and function have the best chance of meeting this challenge.

1. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR,
Rouleau JL, Shi VC, Solomon SD, Swedberg K, Zile MR; PARADIGMHF Investigators and Committees. Angiotensin-neprilysin inhibition versus enalapril in heart failure. N Engl J Med. 2014;371:993–1004. doi:
10.1056/NEJMoa1409077.
2. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner MH,
Fonarow GC, Geraci SA, Horwich T, Januzzi JL, Johnson MR, Kasper
EK, Levy WC, Masoudi FA, McBride PE, McMurray JJ, Mitchell
JE, Peterson PN, Riegel B, Sam F, Stevenson LW, Tang WH, Tsai
EJ, Wilkoff BL. 2013 ACCF/AHA guideline for the management of
heart failure: executive summary: a report of the American College of
Cardiology Foundation/American Heart Association Task Force on
practice guidelines. Circulation. 2013;128:1810–1852. doi: 10.1161/
CIR.0b013e31829e8807.
3. Meta-analysis Global Group in Chronic Heart Failure (MAGGIC). The
survival of patients with heart failure with preserved or reduced left ventricular ejection fraction: an individual patient data meta-analysis. Eur
Heart J. 2012;33:1750–1757. doi: 10.1093/eurheartj/ehr254.
4. Swedberg K, Komajda M, Böhm M, Borer JS, Ford I, Dubost-Brama A,
Lerebours G, Tavazzi L; SHIFT Investigators. Ivabradine and outcomes
in chronic heart failure (SHIFT): a randomised placebo-controlled study.
Lancet. 2010;376:875–885. doi: 10.1016/S0140-6736(10)61198-1.
5. Gheorghiade M, Vaduganathan M, Fonarow GC, Bonow RO.
Rehospitalization for heart failure: problems and perspectives. J Am Coll
Cardiol. 2013;61:391–403. doi: 10.1016/j.jacc.2012.09.038.
6. Schelbert EB, Fonarow GC, Bonow RO, Butler J, Gheorghiade M.
Therapeutic targets in heart failure: refocusing on the myocardial interstitium. J Am Coll Cardiol. 2014;63:2188–2198. doi: 10.1016/j.
jacc.2014.01.068.
7. Bueno H, Ross JS, Wang Y, Chen J, Vidán MT, Normand SL, Curtis JP,
Drye EE, Lichtman JH, Keenan PS, Kosiborod M, Krumholz HM. Trends
in length of stay and short-term outcomes among Medicare patients hospitalized for heart failure, 1993-2006. JAMA. 2010;303:2141–2147. doi:
10.1001/jama.2010.748.
8. Dharmarajan K, Hsieh AF, Lin Z, Bueno H, Ross JS, Horwitz LI,
Barreto-Filho JA, Kim N, Bernheim SM, Suter LG, Drye EE, Krumholz
HM. Diagnoses and timing of 30-day readmissions after hospitalization for heart failure, acute myocardial infarction, or pneumonia. JAMA.
2013;309:355–363. doi: 10.1001/jama.2012.216476.
9. Chen J, Normand SL, Wang Y, Krumholz HM. National and regional
trends in heart failure hospitalization and mortality rates for Medicare
beneficiaries, 1998-2008. JAMA. 2011;306:1669–1678. doi: 10.1001/
jama.2011.1474.
10. Shah SJ. Matchmaking for the optimization of clinical trials of heart
failure with preserved ejection fraction: no laughing matter. J Am Coll
Cardiol. 2013;62:1339–1342. doi: 10.1016/j.jacc.2013.07.010.
11. Shah SJ, Katz DH, Deo RC. Phenotypic spectrum of heart failure with
preserved ejection fraction. Heart Fail Clin. 2014;10:407–418. doi:
10.1016/j.hfc.2014.04.008.
12. McMurray JJ, O’Connor C. Lessons from the TOPCAT trial. N Engl J
Med. 2014;370:1453–1454. doi: 10.1056/NEJMe1401231.
13. Butler J, Fonarow GC, Zile MR, Lam CS, Roessig L, Schelbert EB,
Shah SJ, Ahmed A, Bonow RO, Cleland JG, Cody RJ, Chioncel O,
Collins SP, Dunnmon P, Filippatos G, Lefkowitz MP, Marti CN,
McMurray JJ, Misselwitz F, Nodari S, O’Connor C, Pfeffer MA, Pieske
B, Pitt B, Rosano G, Sabbah HN, Senni M, Solomon SD, Stockbridge
N, Teerlink JR, Georgiopoulou VV, Gheorghiade M. Developing therapies for heart failure with preserved ejection fraction: current state and
future directions. JACC Heart Fail. 2014;2:97–112. doi: 10.1016/j.
jchf.2013.10.006.
14. Harinstein ME, Butler J, Greene SJ, Fonarow GC, Stockbridge NL,
O’Connor CM, Pfeffer MA, Mehra MR, Solomon SD, Yancy CW, Fiuzat
M, Mentz RJ, Collins SP, McMurray JJ, Vaduganathan M, Dunnmon
PM, Rosano GM, Dinh W, Misselwitz F, Bonow RO, Gheorghiade M.
Site selection for heart failure clinical trials in the USA. Heart Fail Rev.
2015;20:375–383. doi: 10.1007/s10741-015-9473-z.
15. Greene SJ, Gheorghiade M. Matching mechanism of death with mechanism of action: considerations for drug development for hospitalized
heart failure. J Am Coll Cardiol. 2014;64:1599–1601. doi: 10.1016/j.
jacc.2014.06.1199.
16. Vaduganathan M, Greene SJ, Ambrosy AP, Gheorghiade M, Butler J. The
disconnect between phase II and phase III trials of drugs for heart failure.
Nat Rev Cardiol. 2013;10:85–97. doi: 10.1038/nrcardio.2012.181.

Acknowledgments
We thank Ms Fumiko Inoue for organizing this meeting. The opinions
and information in this article are those of the authors and do not represent the views or policies of the US Food and Drug Administration.

Disclosures
Dr Gheorghiade reports relationships with Abbott, Astellas,
AstraZeneca, Bayer, Cardiorentis, CorThera, Cytokinetics,
CytoPherx, DebioPharm, Errekappa Terapeutici, GlaxoSmithKline,
Ikaria, Intersection Medical, INC, Johnson & Johnson, Medtronic,
Merck, Novartis, Ono Pharma, Otsuka, Palatin Technologies, Pericor
Therapeutics, Protein Design, Sanofi-Aventis, Sigma Tau, Solvay,
Sticares InterACT, Takeda, and Trevena Therapeutics. Drs Larson
and Okada are employees of Takeda Pharmaceuticals. Dr Shah reports service as an advisory board member for Bayer, Novartis, DC
Devices, and the Pulmonary Hypertension Association. Dr Cleland
reports consultation with Amgen, Biotronik, GSK, Medtronic,
Novartis, Servier, Sorin, an Stealth Biopharma. Dr Colucci is a consultant to Merck, Novartis, Mast, BMS, Johnson and Johnson, and
Cardioxyl. Drs Dunnmon and Stockbridge are employees of the US
Food and Drug Administration. Dr Epstein reports consultancy and
equity interests in CardioCell. Dr Kim is an inventor on a US patent
describing delayed-enhancement magnetic resonance imaging that
is owned by Northwestern University. and has received grants from
Bayer, CardioCell, and Siemens. J. Carr is an employee of Stealth
Bio Therapeutics. Drs Dinh, Krahn, and Kramer are employees of
Bayer HealthCare AG. Dr Wahlander is an employee of Astra Zeneca
Pharmaceuticals. Dr Deckelbaum is an employee of CSL Behring. Dr
Crandall is an employee of Sunovion Pharmaceuticals Inc. Dr Senni
is a consultant for Bayer, Novartis, and Abbot Vascular. Dr Sikora
is an employee of Cardiocell Inc. Dr Sabbah reports research grants
from and is a consultant to LoneStar Heart, Inc. Dr Butler reports research support from the National Institutes of Health and European
Union and is a consultant to Amgen, Bayer, Boehringer Ingelheim,
Cardiocell, Celladon, Novartis, Trevena, Relypsa, Z Pharma, and
Zensun.

8   Gheorghiade et al   Developing New Therapies for Heart Failure

Downloaded from http://circheartfailure.ahajournals.org/ by guest on November 24, 2017

17. Vaduganathan M, Butler J, Pitt B, Gheorghiade M. Contemporary
drug development in heart failure: call for hemodynamically neutral therapies. Circ Heart Fail. 2015;8:826–831. doi: 10.1161/
CIRCHEARTFAILURE.115.002271.
18. Wilcox JE, Fonarow GC, Ardehali H, Bonow RO, Butler J, Sauer AJ,
Epstein SE, Khan SS, Kim RJ, Sabbah HN, Díez J, Gheorghiade M.
“Targeting the heart” in heart failure: myocardial recovery in heart failure
with reduced ejection fraction. JACC Heart Fail. 2015;3:661–669. doi:
10.1016/j.jchf.2015.04.011.
19. Cleland JG, Pennell DJ, Ray SG, Coats AJ, Macfarlane PW, Murray GD,
Mule JD, Vered Z, Lahiri A; Carvedilol Hibernating Reversible Ischaemia
Trial: Marker of Success Investigators. Myocardial viability as a determinant of the ejection fraction response to carvedilol in patients with
heart failure (CHRISTMAS trial): randomised controlled trial. Lancet.
2003;362:14–21. doi: 10.1016/S0140-6736(03)13801-9.
20. Ypenburg C, Schalij MJ, Bleeker GB, Steendijk P, Boersma E, DibbetsSchneider P, Stokkel MP, van der Wall EE, Bax JJ. Impact of viability and
scar tissue on response to cardiac resynchronization therapy in ischaemic
heart failure patients. Eur Heart J. 2007;28:33–41. doi: 10.1093/eurheartj/
ehl379.
21. Gheorghiade M, Böhm M, Greene SJ, Fonarow GC, Lewis EF, Zannad
F, Solomon SD, Baschiera F, Botha J, Hua TA, Gimpelewicz CR,
Jaumont X, Lesogor A, Maggioni AP; ASTRONAUT Investigators and
Coordinators. Effect of aliskiren on postdischarge mortality and heart
failure readmissions among patients hospitalized for heart failure: the
ASTRONAUT randomized trial. JAMA. 2013;309:1125–1135. doi:
10.1001/jama.2013.1954.
22. Konstam MA, Gheorghiade M, Burnett JC Jr, Grinfeld L, Maggioni
AP, Swedberg K, Udelson JE, Zannad F, Cook T, Ouyang J, Zimmer
C, Orlandi C; Efficacy of Vasopressin Antagonism in Heart Failure
Outcome Study With Tolvaptan (EVEREST) Investigators. Effects of
oral tolvaptan in patients hospitalized for worsening heart failure: the

23.
24.
25.

26.

27.

28.

EVEREST Outcome Trial. JAMA. 2007;297:1319–1331. doi: 10.1001/
jama.297.12.1319.
Francis GS, Bartos JA, Adatya S. Inotropes. J Am Coll Cardiol.
2014;63:2069–2078. doi: 10.1016/j.jacc.2014.01.016.
Shah SJ, Fonarow GC, Gheorghiade M, Lang RM. Phase II trials in heart
failure: the role of cardiovascular imaging. Am Heart J. 2011;162:3–15.
e3. doi: 10.1016/j.ahj.2011.03.031.
Senni M, Paulus WJ, Gavazzi A, Fraser AG, Díez J, Solomon SD,
Smiseth OA, Guazzi M, Lam CS, Maggioni AP, Tschöpe C, Metra M,
Hummel SL, Edelmann F, Ambrosio G, Stewart Coats AJ, Filippatos GS,
Gheorghiade M, Anker SD, Levy D, Pfeffer MA, Stough WG, Pieske BM.
New strategies for heart failure with preserved ejection fraction: the importance of targeted therapies for heart failure phenotypes. Eur Heart J.
2014;35:2797–2815. doi: 10.1093/eurheartj/ehu204.
Houser SR, Margulies KB, Murphy AM, Spinale FG, Francis GS, Prabhu
SD, Rockman HA, Kass DA, Molkentin JD, Sussman MA, Koch WJ,
Koch W; American Heart Association Council on Basic Cardiovascular
Sciences, Council on Clinical Cardiology, and Council on Functional
Genomics and Translational Biology. Animal models of heart failure:
a scientific statement from the American Heart Association. Circ Res.
2012;111:131–150. doi: 10.1161/RES.0b013e3182582523.
Greene SJ, Epstein SE, Kim RJ, Quyyumi AA, Cole RT, Anderson AS,
Wilcox JE, Skopicki HA, Sikora S, Verkh L, Tankovich NI, Gheorghiade
M, Butler J. Rationale and design of a randomized controlled trial of allogeneic mesenchymal stem cells in patients with nonischemic cardiomyopathy [published online ahead of print October 13, 2015]. J Cardiovasc
Med. doi:10.2459/JCM.0000000000000303.
Gheorghiade M, Pang PS, O’Connor CM, Prasad K, McMurray J, Teerlink
JR, Fiuzat M, Sabbah H, Komajda M. Clinical development of pharmacologic agents for acute heart failure syndromes: a proposal for a mechanistic translational phase. Am Heart J. 2011;161:224–232. doi: 10.1016/j.
ahj.2010.10.023.

Downloaded from http://circheartfailure.ahajournals.org/ by guest on November 24, 2017

Developing New Treatments for Heart Failure: Focus on the Heart
Mihai Gheorghiade, Christopher J. Larson, Sanjiv J. Shah, Stephen J. Greene, John G.F.
Cleland, Wilson S. Colucci, Preston Dunnmon, Stephen E. Epstein, Raymond J. Kim, Ramin V.
Parsey, Norman Stockbridge, James Carr, Wilfried Dinh, Thomas Krahn, Frank Kramer, Karin
Wahlander, Lawrence I. Deckelbaum, David Crandall, Shunichiro Okada, Michele Senni,
Sergey Sikora, Hani N. Sabbah and Javed Butler
Circ Heart Fail. 2016;9:
doi: 10.1161/CIRCHEARTFAILURE.115.002727
Circulation: Heart Failure is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX
75231
Copyright © 2016 American Heart Association, Inc. All rights reserved.
Print ISSN: 1941-3289. Online ISSN: 1941-3297

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circheartfailure.ahajournals.org/content/9/5/e002727

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation: Heart Failure can be obtained via RightsLink, a service of the Copyright Clearance Center, not
the Editorial Office. Once the online version of the published article for which permission is being requested is
located, click Request Permissions in the middle column of the Web page under Services. Further information
about this process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation: Heart Failure is online at:
http://circheartfailure.ahajournals.org//subscriptions/

