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Chapter 8
Omecamtiv Mecarbil: a Novel Cardiac
Myosin Activator for the Treatment of
Heart Failure
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Abstract

Introduction	Current available inotropic agents increase cardiac contractility, but
are associated with myocardial ischemia, arrhythmias, and mortality.
A novel selective cardiac myosin activator, omecamtiv mecarbil (CK1827452/ AMG-423) is a small molecule that activates the sarcomere
proteins directly, resulting in prolonged systolic ejection time and
increased cardiac contractility.
Areas	This paper will discuss the chemistry, pharmacokinetics, clinical efficacy
covered
and safety of omecamtiv mecarbil. Omecamtiv mecarbil represents a
novel therapeutic approach to directly improve cardiac function and
is therefore proposed as a potential new treatment of patients with
systolic heart failure. We review results of previous studies investigating
the effect of omecamtiv mecarbil in heart failure animal models, healthy
volunteers, and patients with acute and chronic systolic heart failure.
Expert	Results of phase I and phase II studies demonstrate that omecamtiv
opinion
mecarbil is safe and well tolerated, both as an intravenous and
oral formulation. In healthy volunteers and chronic systolic heart
failure patients, administration of omecamtiv mecarbil resulted in a
concentration-dependent increase of left ventricular ejection time,
ejection fraction, fractional shortening, and stroke volume. The first
results of a double-blind, randomized, placebo-controlled phase IIb
dose-finding study with the oral formulation of omecamtiv mecarbil
demonstrated beneficial effects on cardiac function and N-terminal probrain natriuretic peptide levels. This study will provide essential dosing
information for the requisite phase III trials which will investigate
whether the beneficial effects of omecamtiv mecarbil translate into
improved clinical outcomes.
Key words

 eart failure with reduced ejection fraction, omecamtiv mecarbil, CKH
1827452, cardiac myosin activator
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Introduction
Despite advances in current therapeutic approaches, heart failure with reduced
ejection fraction remains a major cause of morbidity and mortality.1,2 Decreased contractility plays a central pathophysiological role in heart failure with reduced ejection
fraction, and as a result, several compensatory mechanisms are activated to preserve
cardiac output.3 However, these compensatory mechanisms, particularly activation of
the sympathetic and renin-angiotensin-aldosterone systems, can become maladaptive
and may accelerate left ventricular systolic dysfunction.3 Current therapies, including
β-blockers, angiotensin-converting-enzyme (ACE) inhibitors, angiotensin receptor
blockers (ARBs), and mineralocorticoid receptor antagonists (MRAs)4, are focused
on the interruption of left ventricular remodeling and blockade of the maladaptive
compensatory systemic responses, but their capacity to restore or improve cardiac
function is limited. Currently available cardiac function improving agents (inotropic
drugs), such as adrenergic receptor agonists (i.e., dobutamine) and phosphodiesterase inhibitors (i.e., milrinone, levosimendan) increase cardiac contractility through
cyclic adenosine monophosphate and intracellular calcium-handling mechanisms,
but these compounds are associated with increased oxygen consumption, intracellular calcium, increased heart rate, hypotension, arrhythmias, and mortality.5-11 These
limitations have stimulated further research to design new drugs that increase myocardial contractility without these adverse effects. In this review, we discuss properties
of omecamtiv mecarbil, a small-molecule, selective, cardiac myosin activator, and its
potential to become a new therapeutic approach for the treatment of heart failure with
reduced ejection fraction.

Cardiac contractility and omecamtiv mecarbil
The cardiac sarcomere, the fundamental unit of cardiac muscle contractility, is
an elegantly organized cellular structure made up of interdigitating thin and thick
filaments. The force generating enzyme, cardiac myosin, is the main component
of the thick filament. The thin filaments are composed of cardiac isoforms of actin
and the troponin-tropomyosin regulatory complex. During each cardiac cycle, the
sarcoplasmic reticulum is triggered by depolarization of the myocyte to release transiently calcium ions (Ca2+) into the cytoplasm.12,13 In the sarcomere, these calcium
ions activate the thin filament by binding to troponin, shifting tropomyosin to uncover
the myosin binding sites of the actin filaments. Upon binding to the actin filament,
cardiac myosin undergoes a power stroke, pulling on the thin filaments and shorten-
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ing the sarcomere. Cardiac myosin powers contraction of the myocardium by cyclically converting the chemical energy of ATP into the mechanical force. This cycle may
be viewed as starting with the hydrolysis of ATP by myosin into ADP and inorganic
phosphate (Pi) that provides the potential energy for myosin. The cleavage of this ATP
enables myosin to weakly bind to the actin filaments; this ATP ultimately is consumed
by myosin regardless of whether it generates any force. Once fully engaged with its

Drug summary Box
Drug name

Omecamtiv mecarbil (CK-1827452/CK-452)

Stage of development

Phase II

Indication

Chronic heart failure with reduced ejection fraction
Acute heart failure with reduced ejection fraction

Mechanism of action

Small-molecule, selective, cardiac myosin activator

Route of administration

Intravenous, oral

Chemical structure

Methyl 4-[(2-fluoro-3-{[N-(6-methylpyridin-3-yl)carbamoyl]amino}phenyl)methyl]
piperazine-1-carboxylate

Pivotal trials

Phase II double-blind, placebo-controlled, cross-over, dose-escalation study in patients
with chronic heart failure with reduced ejection fraction (LVEF < 40%, in cohort 4 ≤ 30%)
to investigate safety, tolerability and range of pharmacodynamically active, target plasma
concentrations of intravenously administered omecamtive mecarbil.
In total, 45 stable heart failure patients were studied in five sequential cohorts.
A concentration-dependent increase in systolic ejection time, ejection fraction, stroke
volume, and fractional shortening was observed24
Phase II double-blind, randomized, placebo-controlled study in heart failure patients with
ischemic cardiomyopathy and angina (LVEF ≤ 35%, NYHA II-III) to investigate the effect
of omecamtiv mecarbil on symptom-limited exercise tolerance.
In total, 94 patients underwent a Modified Naughton exercise tolerance test at baseline
and during an infusion with omecamtive mecarbil.
Doses of omecamtiv mecarbil were well tolerated. Omecamtiv mecarbil did not show to
adversely affect this high-risk population.25
Phase II double-blind, randomized, placebo-controlled, multicenter, dose escalation
study to investigate the pharmacokinetics, pharmacodynamics, safety and tolerability of
oral omecamtiv mecarbil in 448 patients with chronic heart failure and left ventricular
systolic dysfunction (COSMIC-HF, NCT01786512). Twenty weeks treatment with
omecamtiv mecarbil resulted in improvements of systolic ejection time, stroke volume
and N-terminal-pro-brain natriuretic peptide levels.31
Phase II double-blind, randomized, placebo-controlled study, to study safety,
pharmacokinetics, pharmacodynamics, and potential efficacy of intravenously
administration of omecamtiv mecarbil in patients with acute heart failure (ATOMIC-AHF,
NCT 01300013).
Overall, no significant difference was found in the primary endpoint (p = 0.33). However,
a greater dyspnea relief was observed in cohort 3 (37 % in the placebo group vs. 51%
in the study treatment group, p = 0.03). In addition, trends towards reductions of
worsening heart failure and incidence of supraventricular arrhythmias, and no increase in
ventricular arrhythmias were observed.32
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actin binding site, myosin transitions to a strongly-bound state, releasing Pi from the
myosin head and bending its head in a force-generating power stroke, pulling on the
actin filament. Subsequently, ADP is released and ATP binds rapidly to myosin, resulting in the detachment of myosin from actin. This cycle, which takes approximately
100 msec to complete, is then again ready to repeat. Only a minority of myosin heads
produce a power stroke during a cardiac cycle, potentially representing some degree
of energetic inefficiency.13,14 When calcium is removed from the cytoplasm, cardiac
muscle relaxes.13
Omecamtiv mecarbil increases cardiac contractility by accelerating the transition rate
of the myosin from the weakly bound to the strongly bound, force-generating state
(Figure 1).15 The cycle time of myosin is similar to the duration of systole; thus, enabling more myosin heads to enter the force-generating state results in “more hands
pulling on the rope” and greater force production. There is no effect on the rate of
ADP release, which governs the exit of myosin from the strongly bound state and thus
no effect on the duration of the strongly bound state nor the rate of myosin release
from the actin filament. With more myosin heads bound to the actin filament, the thin
filament remains activated longer as calcium levels fall, resulting in a prolongation of
the myocyte contraction, a pharmacodynamic signature of omecamtiv mecarbil.

Development of omecamtiv mecarbil
Adverse effects associated with the administration of current inotropic agents have
stimulated research and development of new drugs that would directly target the
cardiac sarcomere. It was hypothesized that direct activation of the cardiac sarcomere
could be achieved in two ways: sensitizing proteins to calcium or activating cardiac
myosin directly.15 High throughput screening of a library of ~400,000 diverse small
molecules using a kinetic readout of myosin ATPase activity was performed to look
for small molecule activators that could directly activate the cardiac sarcomere.16
Only selective cardiac myosin activators were chosen for further investigation.15 The
functional activity of these cardiac myosin activators was tested in muscle fibers
derived from cardiac trabeculae and isolated hearts (unpublished results).16 Also, the
biochemical potency was evaluated in cardiac myocytes and drug-like properties were
studies by in vitro assays. In vivo pharmacokinetics and pharmacodynamics of the
most promising compounds were investigated in rodents. Compounds associated
with changes in the calcium transient and cellular hypertrophy were excluded from
further analysis.17 Candidate compounds were selected based on their lack of effect on
the calcium transient, the effect on echocardiographic parameters in rats, and the ef-
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6.

Omecam.v mecarbil
accelerates the
transi.on from the
weakly bound to the
strongly bound state

1.

5.

2.

4.

3.
Figure 1 ○ The actin-myosin engine and omecamtiv mecarbil: Step 1 and 2) Rapid binding of ATP to the myosin
complex allows the myosin to unbind from actin. Step 3) ATP is hydrolyzed into ADP and inorganic phosphate
(Pi). This energy allows the myosin head to stretch. Step 4) The myosin-ADP-Pi complex bounds to actin in a
weakly state as it scans for a proper binding site. Step 5) Once fully attached, the myosin-ADP-Pi strongly bounds
to actin, and the release of Pi from the complex causes myosin head to bend and actin filament to move. Step 6)
ADP is released and rapidly exchanged by ATP, and the cycle is then ready to repeat. Omecamtiv mecarbil accelerates the transition from the weakly bound state to the strongly bound state.

fect on cardiac function and hemodynamics in a heart failure model in dogs.15,16 These
developments led to the discovery of omecamtiv mecarbil (CK-1827452/ AMG-423).
Table 1 summarizes pre-clinical studies of heart failure animal models investigating
the effects of omecamtiv mecarbil.
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Table 1 ○ Overview of heart failure model animal studies with omecamtiv mecarbil
Author and Aims
Publication
Date

Model

Treatment

Main Results

References

Shen et al.
2010

To study the
effects of
omecamtiv
mecarbil
on cardiac
contractile
parameters

Conscious dogs with
systolic heart failure
- Rapid pacing after
myocardial infarction
(post MI-HF)
- Rapid pacing
after prolonged
supravalvular aortic
stenosis induced
LV hypertrophy
(LVH-HF)

Bolus injection
of omecamtiv
mecarbil (0.25
mg/kg IV)
followed by
continuous
administration
(0.25 mg/kg/
hr) for 24 hours

Omecamtiv mecarbil increased cardiac
output, LV systolic ejection time, stroke
volume during time of infusion and
decreased heart rate, mean left atrial
pressure, LV end-diastolic pressure. No
effect on coronary blood flow, arterial
O2, myocardial O2 consumption and
coronary sinus O2.

20

Malik et
al. 2011

To understand
the
mechanistic
basic of
omecamtiv
mecarbil

1) Isolated adult
rat cardiac left
ventricular myocytes
2) Conscious
dogs with heart
failure induced by
rapid pacing after
myocardial infarction

1) Omecamtiv
mecarbil
solution (200
uM)
2) Bolus
injection of
0.5 mg/kg,
followed by
continuous
infusion at 0.5
mg/kg/hr

1) Omecamtiv mecarbil significantly
increased cardiac contractility without
changes in calcium transient
2)Compared with normal dogs,
treatment with omecamtiv mecarbil
in heart failure dogs resulted in
increased stroke volume (10.2±3.6%
vs. 60.8±12.5%) and cardiac output
(0.8±2.0% vs. 29.1±6.2%), while
a lower heart rate was observed
(-16.7±4.0%)

15

Bakkehaug
et a. 2015

To investigate
the cardiac
energetic and
metabolic
profile of
omecamtiv
mecarbil

Healthy pigs and pigs
with post ischemic LV
dysfunction

Solution of
omecamtiv
mecarbil of 1
mg/mL with 50
mmol/L citrate
in sterile water,
targeting 20%
increase in
systolic ejection
time

Omecamtiv mecarbil increased systolic
ejection time and coronary blood flow,
without alterations in heart rate, and
systemic and pulmonary perfusion
pressures. A reduction in diastolic
filling time (11%) was also observed.
Omecamtiv mecarbil had increased
MVO2 in both healthy pigs as pigs with
postischemic LV dysfunction, although
differences compared with baseline
were not statistically significant and no
placebo group was considered.

21

Utter et al.
2015

To test the
effect of
omecamtiv
mecarbil
on calcium
sensitivity

Myofilaments
of a dilated
cardiomyopathy
mutant α-TM
Glu54Lys transgenic
mouse model vs. non
transgenic controls

Solution of
omecamtiv
mecarbil of
316 nM

ATPase activity: Omecamtiv mecarbil
increased calcium responsiveness
(from 5.73±0.06 s-1 to 6.07±0.04 s-1
Skinned fiber tension: Omecamtiv
mecarbil increased pCa2+ in TM54 fibers
compared with vehicle treated TM54
fibers (5.70±0.02 vs. 5.82±0.02).
Proteomic analysis demonstrated
no changes in the phosphorylation
of sarcomeric proteins (myosinbinding protein C, troponin T and I,
tropomyosin, regulatory light chain)

33

Abbreviation: MI-HF, myocardial infarction-heart failure; LVH-HF, left ventricular hypertrophy-heart failure; LV,
left ventricular
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Chemistry
The systematic name of omecamtiv mecarbil (CK-1827452/AMG-423) is methyl
4-[(2-fluoro-3-{[N-(6-methylpyridin-3-yl)carbamoyl]amino}phenyl)methyl]piperazine1-carboxylate. The multistepsynthesis pathway of omecamtiv mecarbil has been
described by Morgan et al.17

Pharmacodynamics
Omecamtiv mecarbil has been shown to increase systolic ejection time, stroke volume and fractional shortening and to improve hemodynamics.18 In contrast to the
currently available agents that improve cardiac function (i.e. inotropes), omecamtiv
mecarbil does not increase intracellular cAMP and calcium15. As a result, it was
hypothesized that omecamtiv mecarbil would not result in increased myocardial
oxygen consumption, and heart rate, decreasing the risk of myocardial arrhythmias
compared with these inotropic compounds.18 In vitro studies have confirmed that
omecamtiv mecarbil actually inhibits non-actin-dependent cardiac myosin ATPase15,19,
which would decrease myocardial oxygen consumption and improve cardiac efficiency. In fact, this effect was confirmed in a heart failure dog model where treatment
with omecamtiv mecarbil decreased myocardial oxygen consumption and improved
cardiac efficiency.20 However, in another pre-clinical study including a heart failure
pig model, administration of omecamtiv mecarbil resulted in increases of myocardial
oxygen consumption,21 but methodological limitations significantly undermine this
study.22 In humans, omecamtiv mecarbil administration showed dose and plasma
level related positive effects on systolic ejection time, stroke volume, ejection fraction
and fractional shortening.23-25 Heart rate remained unaffected23 or was reduced in a
dose-dependent manner.24 Omecamtiv mecarbil plasma levels above 1200 ng/mL
resulted in dose limiting myocardial ischemic signs and symptoms.18,24 Omecamtiv
mecarbil did not show an increased risk of myocardial ischemia during exercise in a
high risk population of patients with ischemic cardiomyopathy and exertional angina
at doses which resulted in pharmacologically effective plasma concentrations.25
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Pharmacokinetics and metabolism
Omecamtiv mecarbil pharmacokinetics have been clinically investigated in healthy
volunteers23 and in patients with heart failure24 and with ischemic cardiomyopathy
and angina.25 In these studies, omecamtiv mecarbil was dosed through intravenous
infusion. Vu et al. describe results of a second study in healthy volunteers, in which
omecamtiv mecarbil was dosed orally.26
Vu et al.27 aggregated the results from the studies by Teerlink et al.23, Cleland et
al.24 and the above mentioned study with oral dosing, and analyzed the population
pharmacokinetics of omecamtiv mecarbil and the relationship between omecamtiv
mecarbil plasma levels and systolic ejection time and left ventricular outflow tract
stroke volume. The absolute bioavailability of the oral formulation was 90% with Cmax
being reached after approximately 1 h. Elimination half-life was approximately 18.5
hours and systemic clearance was 11.9 L/h with an apparent volume of distribution
of 298 L. These findings were consistent with the data from the individual studies.23,24
The first-in-human study (CY 1111) of omecamtiv mecarbil was a randomized, doubleblind, placebo-controlled, dose-escalating, four-way crossover study.23 Omecamtiv
mecarbil was administrated intravenously to 34 healthy men to study the maximum
tolerated dose, plasma concentrations, safety, tolerability and pharmacodynamic and
pharmacokinetic profile of omecamtiv mecarbil. Subjects were stratified into four
cohorts, and each participant received three active treatments of omecamtiv mecarbil
at doses ranging from 0.005 to 1.0 mg/kg per hour for up to 6 hours with matching
placebo. Intravenous pharmacokinetic characteristics were dose-proportional with a
linear dose dependency of Cmax and a slightly higher than linear dose dependency of
AUClast and AUCinf. Plasma protein binding of omecamtiv mecarbil was approximately
81.5%. Omecamtiv mecarbil proved to be metabolized extensively, mainly through
decarbamylation without a major role for CYP3A4 and CYP2D6. Only 8% of the parent
compound was recovered unchanged in urine, collected for up to 336 hours.23
The bioavailability of an oral liquid and capsule formation in both fasted and fed situations was compared with intravenous infusion was examined in healthy subjects (CY
1011).28 All formulations were well tolerated. The absolute bioavailability of omecamtiv
mecarbil was 100% for all administration forms, suggesting that there is little or no
first-pass metabolism of omecamtiv mecarbil. Also, food had no significant effect on
bioavailability, but resulted in a delayed drug absorption in some subjects.28
In an open-label, sequential, parallel group phase I clinical trial, drug-drug interactions with omecamtiv mecarbil were investigated in healthy males (CY 1013).29 This
study investigated the effect of ketoconazole (a potent inhibitor of CYP3A4) on the
pharmacokinetics of a single oral dose of omecamtiv mecarbil in volunteers who
were either extensive metabolizers or poor metabolizers with respect to their defined
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genotype for CYP2D6. In male extensive metabolizers, ketoconazole resulted in a
mild reduction in the clearance of omecamtiv mecarbil and an increase from 22 to
27 hours in the elimination half-life of omecamtiv mecarbil (P < 0.01), resulting in an
approximate 50% increase in the area under the plasma concentration versus time
curve. In addition, ketoconazole had no effect on the maximum plasma concentration. In addition, the CYP3A4 inhibitor diltiazem had no effect on the Cmax or AUC of
omecamtiv mecarbil in extensive metabolizers, despite a slight increase in the half-life
(from 18 to 20 hours). This study demonstrated that there were no clinically meaningful drug-drug interactions.29
In another phase I clinical trial, the tolerability, safety, and pharmacokinetics of an
oral formulation of omecamtiv mecarbil was investigated (CY 1015).29 Single and
multiple oral doses of 10 mg and 30 mg were evaluated in healthy men and women.
Omecamtiv mecarbil, when administered in the oral formulation, was well-tolerated
and no differences were observed in dose proportionally between men and women.29
The pharmacokinetics, relative bioavailability and the effect of food of three different
oral modified release formulations of omecamtiv mecarbil were investigated in CY
1016 as compared to the immediate release formulation in up to twelve healthy male
subjects.29 One formulation decreased Cmax as compared to the immediate release
formulation without a significant effect on overall bioavailability.29

Clinical efficacy

Healthy Volunteers
The first-in-human study of 34 volunteers was reported in 2011 (Table 2).23 This study
confirmed the biological signature of omecamtiv mecarbil’s pharmacodynamic effect
that had been previously observed in animal models: an extraordinarily predictable
concentration-dependent prolongation of systolic ejection time. This prolongation of
the systolic ejection time during a 6-hour double-blind infusion of omecamtiv mecarbil
was directly related to increases in stroke volume, fractional shortening and ejection
fraction, as well as increases in left atrial contractile function, without clinically relevant
changes in diastolic function. These effects were evident with plasma concentrations
from 100-200 ng/mL and above. This study also established the maximally tolerated
intravenous dose as 0.5 mg/kg per hour and defined the dose-limiting effect of a
syndrome of intolerance that resulted from excessive prolongation of systolic ejection
time such that it impinged upon diastole resulting in myocardial ischemia and angina
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symptoms. This effect occurred in some patients exposed to plasma concentrations
above 1200 ng/mL (see below).

Chronic systolic heart failure
In 2011, the first study of omecamtiv mecarbil in patients with systolic heart failure
(left ventricular ejection fraction (LVEF) < 40%, in cohort 4 ≤ 30%) was reported (CY
1121; Table 2).24 In a double-blind, placebo-controlled, cross-over, dose-escalation
study safety, tolerability and range of pharmacodynamically active, target plasma
concentrations of intravenously administered omecamtiv mecarbil (2h – 72h) on top
of stable heart failure background therapy were investigated. Forty-five patients with
stable heart failure were studied in five sequential cohorts. In the first four cohorts,
patients received double-blind three escalating doses of omecamtiv mecarbil and
one placebo treatment, interrupted by at least 1 week between the start of each treatment. In the last cohort, patients received either omecamtiv mecarbil or placebo, in
a double-blind cross-over design. For safety monitoring, plasma drug concentrations
were assessed after each treatment period and troponin I or troponin T were closely
monitored. Echocardiograms were performed at 1.5 hours and 24 hours and additionally at 48 hours (cohort 4), or 72 hours and 96 hours (cohort 5) to primarily study
left ventricular ejection time, left ventricular stroke volume, left ventricular fractional
shortening, and left ventricular ejection fraction. A concentration-dependent increase
in systolic ejection time, stroke volume, and fractional shortening was observed: systolic ejection time and fractional shortening increased at plasma concentrations > 100
ng/mL. Stroke volume increased by 5-10 mL at plasma concentrations > 200 ng/mL.
LVEF improved at plasma concentrations > 300 ng/mL. A plateau phase of increases
in stroke volume was reached at plasma concentrations > 400 ng/mL. Left ventricular
end-systolic and end-diastolic volume decreased at plasma concentrations > 500 ng/
mL.24 In comparison, low-dose administration of dobutamine in heart failure patients
increased the velocity of left ventricular systolic shortening, suggesting an increased
stroke volume, which was closely associated with an increase in cardiac output.30
To investigate the effect on exercise, safety and tolerability of omecamtiv mecarbil,
a phase II double-blind, randomized, placebo-controlled study was designed (CY
1221; Table 2).25 Ninety-four patients with ischemic heart failure and angina (history
of ischemic heart disease and ≥ 1 episode of exercise-induced angina, LVEF ≤ 35%
and left ventricular end-diastolic diameter ≥ 55 mm or left ventricular end-diastolic
diameter index ≥ 32 mm/m2, New York Heart Association functional class II-III) were
subjected to a Modified Naughton exercise tolerance test at baseline and during study

8

Double-blind, randomized,
placebo-controlled,
multicenter, dose
escalation phase II study

Double-blind, randomized,
placebo-controlled study

Greenberg
et al. 2015

COSMICHF

Double-blind, placebocontrolled, cross-over,
dose-escalating phase II
study

Cleland et
al. 2011

Study Design

Double-blind, placebocontrolled, dose-escalating,
four-way cross over first-inman phase I study

Acronym

Teerlink et
al. 2011

Author and
Publication
Date

Patients with
ischemic
cardiomyopathy
and angina

Patients with
stable chronic
systolic heart
failure (LVEF
≤40%, or ≤30%
in cohort 4)

Healthy males

Study
population

448 Patients with
heart failure
and left
ventricular
systolic
dysfunction

94

45

34

n

Primary objectives: safety, tolerability, and
pharmacokinetics of oral omecamtiv mecarbil
during 20 weeks of treatment. Secondary objectives:
changes in systolic ejection time, stroke volume, left
ventricular end-systolic diameter, left ventricular enddiastolic diameter, heart rate and NT-pro BNP levels.

To assess the effects of exercise on the safety and
tolerability of omecamtiv mecarbil in patients
vulnerable to increases in systolic ejection time

To assess safety and tolerability of
omecamtiv mecarbil. To establish a range of
pharmacodynamically active, well tolerated target
plasma concentration

To establish maximum tolerated dose
(highest infusion rate tolerated in minimal 8
subjects)

Endpoints

Table 2 ○ Overview phase I and II clinical studies of omecamtiv mecarbil

Treatment with omecamtiv mecarbil resulted
in significant improvement of systolic ejection
time and stroke volume, and NT-proBNP
levels. The incidence of adverse events were
comparable between the groups

No patients treated with omecamtiv mecarbil
stopped at an earlier stage than baseline due
to angina, compared with one patient treated
with placebo. Omecamtiv mecarbil related
AEs: asymptomatic elevation in CK-MB;
asymptomatic increases in troponin levels

Concentration-dependent increases in systolic
ejection time, stroke volume, and fractional
shortening, and reduction in systolic blood
pressure, standing diastolic blood pressure,
and heart rate

Maximum tolerated dose was determined at
0.5 mg/kg/h.
Dose-dependent increase in systolic ejection
time, systolic ejection fraction, fractional
shortening, and stroke volume

Main Results

NCT
01786512

31

25

24

23

References
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n

613

Study Design

Double-blind, randomized,
placebo-controlled phase
II study

Acronym

ATOMICAHF

Patients with
acute systolic
heart failure

Study
population
Primary endpoint: dyspnea relief on the 7-point Likert
scale assessed at 6, 24 and 48 hours.
Secondary endpoints: safety and tolerability of
three doses of omecamtiv mecarbil and effects of
omecamtiv mecarbil on dyspnea , patients’ global
assessment response, change in NT-pro BNP, and
short-term clinical outcome.

Endpoints

Abbreviations: LVEF, Left ventricular ejection fraction; NT-proBNP, N-terminal pro-brain natriuretic peptide

Author and
Publication
Date

Table 2 ○ Overview phase I and II clinical studies of omecamtiv mecarbil (continued)

Overall, there was no significant difference in
the primary endpoint. When each cohort was
compared to its corresponding placebo group,
difference in dyspnea relief was observed in
the high dose cohort compared with placebo
(51% vs. 37%). The overall incidence of adverse
events was comparable between the study
arms.

Main Results

NCT
01300013

32

References
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drug infusion to investigate the effect of omecamtiv mecarbil on symptom-limited
exercise tolerance. Patients were randomized in a 2:1 ratio in two sequential cohorts to
receive intravenously administered omecamtiv mecarbil or placebo over 20 h. Target
plasma level was ~ 295 ng/mL in cohort 1 and ~ 550 ng/mL in cohort 2. After the
infusion, placebo or omecamtiv mecarbil (12.5 mg for cohort 1, and 25 mg for cohort
2) was administrated orally three times a day for another 7 days. The primary safety
endpoint was stopping the exercise test, due to angina at a stage earlier than the
baseline exercise test. Secondary safety endpoints included stopping due to any other
reason, duration of exercise test, angina during exercise test, ST depression on an
electrocardiogram or during exercise test, and serious adverse events. During infusion, one patient who received placebo stopped due to angina at an earlier stage than
baseline, while no patient stopped in the omecamtiv mecarbil groups. One patient
on placebo stopped due to another reason, while 4 patients on omecamtiv mecarbil
in cohort 1 and 2 patients in cohort 2 stopped due to another reason. Two patients
receiving placebo and 1 patient receiving omecamtiv mecarbil in cohort 2 had ≥1 mm
ST depression. Overall, few patients had increased levels of troponin I or creatine
kinase-MB. Two patients of cohort 1 and 2 receiving omecamtiv mecarbil had elevated
troponin I levels after the study drug infusion, without clinical signs or symptoms
of cardiac ischemia. These results demonstrated that omecamtiv mecarbil is safe
among patients who are theoretically most vulnerable to the possible adverse effects
of systolic ejection time prolongation.25
The first results of a phase II double-blind, randomized, placebo-controlled, multicenter, dose escalation study investigating the safety and efficacy of three oral modified-release formulations of omecamtiv mecarbil in patients with heart failure and left
ventricular systolic dysfunction (Chronic Oral Study of Myosin Activation to Increase
Contractility in Heart Failure, COSMIC-HF, NCT01786512) were recently presented
during a Late-Breaking Clinical Trial session at the American Heart Association (AHA)
Scientific Sessions 2015 in Orlando (Table 2).31 The dose escalation phase studied the
pharmacokinetics and tolerability of three oral formulations of omecamtiv mecarbil.
In this first phase, 96 patients were randomized in a 1:1:1:1 ratio to one of the three
formulations or placebo in two cohorts. In the first dose escalation cohort, omecamtiv
mecarbil was administrated 25 mg twice daily. In the second dose escalation cohort,
omecamtiv mecarbil was administrated 50 mg twice daily. Follow-up time was 35 days.
In the next, dose expansion phase, 448 chronic heart failure patients with reduced
ejection fraction were randomized in a 1:1:1 ratio to receive to omecamtiv mecarbil
25 mg twice daily, omecamtiv mecarbil with pharmacokinetic-based titration up to 50
mg twice daily or placebo. Patients were treated for 20 weeks and followed up on 24
weeks. Dose dependent pharmacodynamic effects of omecamtiv mecarbil were gener-
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ally observed. Treatment with omecamtiv mecarbil for 20 weeks resulted in significant
improvement of cardiac function, including systolic ejection time and stroke volume,
and N-terminal pro-brain natriuretic peptide (NT-pro BNP) levels.31

Acute heart failure
At the Scientific Sessions of the 2013 European Society of Cardiology, the results of
the Acute Treatment with Omecamtiv Mecarbil to Increase Contractility in Acute Heart
Failure (ATOMIC-AHF) study were presented (NCT 01300013; Table 2).32 In this phase
II double-blind, randomized, placebo-controlled study, safety, pharmacokinetics, pharmacodynamics, and potential efficacy of intravenously administration of omecamtiv
mecarbil in patients with acute heart failure were evaluated. During this study, 613
patients hospitalized with acute heart failure were randomized 1:1 in 3 sequential
cohorts of increasing doses to either treatment with omecamtiv mecarbil for 48 hours
or placebo. Median target plasma concentrations of omecamtiv mecarbil of these
cohorts were 115, 230, 310 ng/mL, and study treatment had to be initiated within 24
hours of intravenously diuretic treatment. Eligible patients had a LVEF ≤40%, history
of heart failure, with persisting dyspnea at rest or minimal exertion requiring IV diuretic treatment and elevated natriuretic peptides. The primary endpoint was dyspnea
relief on the 7-point Likert scale assessed at 6, 24 and 48 hours. Secondary endpoints
included safety and tolerability of three doses of omecamtiv mecarbil and effects of
omecamtiv mecarbil on dyspnea under the curve (AUC) through day 5, dyspnea by
7-point Likert scale at any timepoint, patients’ global assessment response through
48 hours, change in NT-pro BNP levels, and short-term clinical outcome. Overall, no
significant difference was found in the primary endpoint when the cohorts were compared to the pooled placebo (p = 0.33). The response rates were 41% in the pooled
placebo group, 42% in cohort 1 (Response Rate Ratio 1.03, 95% CI 0.79 – 1.35), 47%
in cohort 2 (1.15, 95% CI 0.90 – 1.47), and 51% in cohort 3 (1.23, 95% CI 0.97 – 1.55).
However, it was noted that the cohorts had been enrolled over different times and
geographic regions, resulting in substantial differences in patient populations. When
each cohort was compared to its corresponding placebo group, nominally significant
improvement in dyspnea relief was evident in the high dose cohort (placebo response
rate, 37%, omecamtiv mecarbil 51%; 1.41, 95% CI 1.02-1.93). These findings were supported by exploratory analyses that revealed dose and plasma concentration improvements in dyspnea relief. In addition, trends towards reductions of worsening heart
failure and incidence of supraventricular arrhythmias, and no increase in ventricular
arrhythmias were observed in patients treated with omecamtiv mecarbil.32
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Safety and tolerability
Patients with chronic heart failure generally have decreased systolic ejection time
and omecamtiv mecarbil improves cardiac contractility and increases the systolic
ejection time toward normal, thereby prolonging the contraction time. However, as
the systolic ejection time markedly increases, the diastolic period shortens. This may
have a potential negative impact on diastolic function. Since the coronary arteries
gradually submerge into the myocardium, the cardiac cycle impacts the perfusion
and compression of these vessels. Coronary blood flow is obstructed during cardiac
contraction and thus the duration of the diastolic period is an important determinant
of myocardial perfusion. Therefore, at very high doses, administration of omecamtiv
mecarbil may be associated with impaired coronary and myocardial perfusion.
In the first-in-man study of omecamtiv mecarbil, including healthy volunteers, no
clinically meaningful differences were observed in measurements of diastolic function.23 The incidence of overall adverse events between study groups was comparable
for infusion to the maximum tolerated dose. Five patients withdrawn from the study
due to the following adverse effects: postural dizziness (placebo); non-specific ST
and T wave abnormalities (omecamtiv mecarbil 0.005 mg/kg/h); ST segment depression (omecamtiv mecarbil 0.75 mg/kg/h for 3 h 58 min); chest pain (omecamtiv
mecarbil 1.0 mg/kg/h for 3 h 22 min); chest pain with ST segment depression, and
mild transient increased troponin levels, without evidence for myocardial infarction
(omecamtiv mecarbil 1.0 mg/kg/h for 4 h 12 min). Omecamtiv mecarbil plasma concentrations in these last three patients were 1346 ng/mL, 1338 ng/mL, and 1333 ng/
mL, respectively.23 Based on these results, it was suggested that these adverse effects
would occur at plasma concentrations exceeding 1200 ng/mL. In the phase II study
including patients with chronic systolic heart failure,24 three serious adverse events
were reported: septicemia associated with a diabetic foot ulcer, pneumonia, and
non-ST elevation myocardial infarction in a patient who received an unintended drug
overdose of the study treatment.24 After receiving omecamtiv mecarbil 2.2 mg/kg/h
for 45 minutes, the overdosed patient developed chest pain, sweating, hypotension,
electrocardiogram changes, and rises in troponin I, which resolved after termination
of the study drug.24 In this patient, the plasma concentration of omecamtiv mecarbil
was indeed greater than 1200 ng/mL: 1750 ng/mL. Another patient with also a plasma
concentration higher than 1200 ng/mL (1350 ng/mL) reported similar adverse effects.
The investigators suggested that this may have been related to patient’s obesity and
low drug clearance.24 In a hypertensive (182/116 mm Hg), renally impaired (serum
creatinine 248 umol/L) patient, an asymptomatic increase in cardiac troponin was
observed at a plasma concentration of 730 ng/mL.24
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When omecamtiv mecarbil was administered to patients vulnerable to prolongation
of systolic ejection time, i.e. patients with ischemic cardiomyopathy and angina undergoing symptom-limited treadmill exercise, no patients had significantly elevated
troponins attributable to omecamtiv mecarbil. Two patients in cohort 1 (target Cmax
295 ng/mL) and cohort 2 (target Cmax 550 ng/mL) had asymptomatic marginal
increases in troponin (1.13 µg/L (upper limit of normal (ULN) < 0.11 µg/L) and 1.1
µg/L ( ULN 1.0 µg/L) respectively) after the third exercise treadmill test and another
patient had intolerable angina and ST-segment depression during the third exercise
treadmill test. The plasma concentration of omecamtiv mecarbil was 651 ng/mL and
subsequently the patient underwent stent implantation for a severe proximal lesion in
the left anterior descending artery after which there was an elevated troponin I noted
(2.45 ng/mL).25
The incidence of (serious) adverse events in the COSMIC-HF was comparable between groups. Increases in troponin levels were observed among patients treated with
omecamtiv mecarbil, but none were adjudicated as myocardial ischemia or infarction.31
In the ATOMIC-AHF study, small increases (approximately 0.004 ng/mL) in troponin I levels were observed with omecamtiv mecarbil.32 There was no relationship of
increases in troponin with either omecamtiv mecarbil peak plasma concentrations
nor exposure. Numerically more events of myocardial infarction or acute coronary
syndrome were reported in the pooled omecamtiv mecarbil group, compared with
placebo [7 (2.3%) vs. 3 (1.0%)]. However, of these seven events, two occurred in
cohort 1 at plasma concentrations with no-to-minimal effect (one of which occurred
in a 95 year old woman at day 11, well beyond the 48-hour infusion), two events in the
high dose cohort occurred at days 12 and 22, respectively, whereas an event in the high
dose cohort was a percutaneous coronary intervention-related increase in troponin,
and the final two events in the high dose cohort had peak troponins of 0.064 and
0.168. The overall incidence of adverse events was comparable between the study
arms.32
These previously reported adverse effects demonstrate that administration of omecamtiv mecarbil may be associated with increases in cardiac markers and increase the risk
of myocardial ischemia. In most patients, omecamtiv mecarbil was well tolerated at
lower therapeutic plasma concentrations. Thus, the adverse effect on cardiac markers
is likely to be dose related and it is suggested that such side effect will occur at plasma
concentrations > 1200 ng/mL.
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Conclusion
Omecamtiv mecarbil is a novel selective cardiac myosin activator, which might be
implicated as a novel therapeutic approach to improve cardiac function in systolic
heart failure patients, without the adverse events associated with current indirect inotropes. The first results of omecamtiv mecarbil in healthy volunteers and patients with
chronic systolic heart failure and acute systolic heart failure suggest that omecamtiv
mecarbil is safe at lower plasma concentrations. However, increases in tropinin levels
were observed in patients receiving omecamtiv mecarbil at higher doses. While the
effect on cardiac output seems promising, further studies are needed to investigate
whether omecamtiv mecarbil is safe in both chronic and acute heart failure patients
with reduced ejection fraction, and whether the beneficial effects translate into improved clinical outcomes.

Expert opinion
Decreased cardiac contractility is the central feature of systolic heart failure, but the
majority of current therapies are not inotropic agents. Instead, these agents block
the adrenergic and renin-angiotensin-aldosterone pathways that are maladaptive in
heart failure. Current available inotropic agents increase cardiac contractility in an
indirect manner (i.e. via cyclic adenosine monophosphate and intracellular calciumhandling mechanisms) and are therefore associated with serious adverse effects,
such as ischemia, arrhythmias and mortality. It is worth noting, that because of its
direct underlying mechanism, omecamtiv mecarbil cannot be classified as a typical
inotropic agent. Omecamtiv mecarbil is a unique selective cardiac myosin activator
that has been shown to improve cardiac contractility and to prolong the ejection time.
Due to this mechanism, there is no role for omecamtiv mecarbil in patients with heart
failure with preserved ejection fraction. However, omecamtiv mecarbil might become
a valuable novel therapeutic approach for those patients who suffer from systolic heart
failure, and are still symptomatic or have decreased LVEF in spite optimal background
heart failure therapy.
As omecamtiv mecarbil activates sarcomeric proteins directly, it was suggested that
it would avoid the risk of adverse effects associated with current inotropes. Indeed, in
clinical studies so far there was no evidence that omecamtiv mecarbil is proarrhythmic. Omecamtiv mecarbil thereby overcomes an important adverse effect of current
inotropic agents. The overall treatment effect of omecamtive mecarbil is an improvement of systolic function by accerelating the transition rate of the myosin from the
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weakly bound state to the strongly bound state. Although most pre-clinical studies
demonstrated that calcium homeostasis and myocardial oxygen consumption remain
unaffected, a recent study in anesthetized pigs suggested that omecamtiv mecarbil
induced oxygen wastage. Although this study had some methodological limitations,
further investigation on the possibility that omecamtiv mecarbil may contribute to
myocardial ischemia is needed. As the systolic time increases, the diastolic period
shortens, and this may compromise coronary perfusion, myocardial perfusion, and
ventricular filling. It should be noted that most systolic heart failure patients have a
decreased systolic ejection time, and that treatment with omecamtiv mecarbil would
improve such impairment in systolic ejection time in these patients. However, an
important adverse effect of omecamtiv mecarbil may be dose-related myocardial
ischemia. Clinical signs and symptoms of myocardial ischemia were indeed observed
in patients who had excessive plasma concentrations of omecamtiv mecarbil and
increases of cardiac markers have been reported in omecamtiv mecarbil treated
patients. Although an exercise study including ischemic heart failure patients with
angina did not show an increased likelihood of ischemia after infusion of omecamtiv
mecarbil within its therapeutic dose range, this dose-related myocardial ischemia may
be an potential risk for its future clinical use. Therefore, routine monitoring and timely
dose adjustments would be recommended, particularly in patients with underlying
coronary artery disease.
The first results of phase I and phase II studies of omecamtiv mecarbil show promising results. Omecamtiv mecarbil resulted in a concentration-dependent increase
of systolic ejection time, stroke volume, and fractional shortening, and decreases
in N-terminal pro-brain natriuretic peptide levels, but administration of omecamtiv
mecarbil has also been associated with increases in cardiac markers of ischemia.
Therefore, further studies (phase III trials) are needed to investigate whether the
beneficial effects of omecamtiv mecarbil translate into improved clinical outcomes
(e.g. morbidity, mortality, rehospitalizations).
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