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Abstract

Heart failure continues to be a major global health problem
with a pronounced impact on morbidity and mortality and
very limited drug treatment options especially with regard

to inotropic therapy. Omecamtiv mecarbil is a first-in-class
cardiac myosin activator, which increases the proportion of
myosin heads that are tightly bound to actin and creates a
force-producing state that is not associated with cytosolic
calcium accumulation. Phase | and phase Il studies have shown
that it is safe and well tolerated. It produces dose-dependent
increases in systolic ejection time (SET), stroke volume (SV), left
ventricular ejection fraction (LVEF), and fractional shortening.
In the ATOMIC-AHF trial, intravenous (IV) omecamtiv mecarbil
did not improve dyspnoea overall but may have improved

it in a high-dose group of acute heart failure patients. It did,
however, increase SET, decrease left ventricular end-systolic
diameter, and was well tolerated. The COSMIC-HF trial showed
that a pharmacokinetic-based dose-titration strategy of oral

Introduction

Heart failure continues to be a leading public health problem
with an estimated global prevalence of over 26 million patients
and a sustained growing incidence mainly due to the aging of
the population [1]. In the United States alone, the number of
patients suffering from chronic heart failure is close to 6 million
with an expected increase to over 8 million by 2030 [2,3]. Also in
the United States, acutely decompensated heart failure (ADHF) is
the primary cause for the hospitalisation of individuals aged 65
years and over, which results in around 1 million hospitalisations
annually [3,4]. The overall mortality rate associated with heart
failure in western populations approximates 50% within 5 years
of diagnosis [5], a figure in excess of most malignancies [6].

Neurohumoral axis activation

When myocardial contractility starts to fail, neurohumoral axis
activation occurs (i.e., sympathetic nervous system and renin-
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omecamtiv mecarbil improved cardiac function and reduced
ventricular diameters compared to placebo and had a similar
safety profile. It also significantly reduced plasma N-terminal-
pro B-type natriuretic peptide compared with placebo.

The GALACTIC-HF trial is now underway and will compare
omecamtiv mecarbil with placebo when added to current
heart failure standard treatment in patients with chronic heart
failure and reduced LVEF. It is expected to be completed in
January 2021. The ongoing range of preclinical and clinical
research on omecamtiv mecarbil will further elucidate its full
range of pharmacological effects and its clinical usefulness in
heart failure.
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angiotensin-aldosterone system activation) as a compensatory
mechanism; however, long-term and sustained overactivation
results in a maladaptive process (cardiac remodelling) that
leads to chronic heart failure progression [7-9].

Blocking the neurohumoral axis at different levels has shown
some therapeutic success [10]. For example, significant
improvements of morbidity and mortality have been obtained
with angiotensin-converting enzyme inhibitors (ACEi),
angiotensin-receptor blockers (ARB), B-blockers (BB) and
mineralocorticoid receptor antagonists (MRA) [10,11]. More
recently, the combination of sacubitril (neprilysin inhibitor)

plus valsartan (an ARB), has been found to significantly reduce
cardiovascular (CV) and all-cause mortality as well as heart failure
hospitalisations in comparison with enalapril (an ACEi) [12].

Inotropic agents

Myocardial contractility impairment is at the core of heart
failure progression, and cardiac output (CO) is characteristically
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compromised during its evolution, initially upon effort and
in late stages at rest [13]. Hypothetically, it was reasonable to
believe that inotropic agents that directly improve cardiac
contractility should have been clinically beneficial [14];
however, they have consistently failed to meet expectations.
Their use has been marked by serious concerns regarding
increased morbidity and mortality connected with an
augmented risk of ventricular arrhythmia, atrial fibrillation,
hypotension, induced myocardial ischaemia, increased
myocardial oxygen consumption and direct myocyte toxicity
due to intracellular calcium overload [14,15].

Current options for their use are covered in a recent article by
Tariq and Aronow [15]. They support inotropic intravenous (IV)
administration to stabilise hospitalised individuals showing
clinical expressions of ADHF or as intermittent home or hospital
infusions for limited numbers of chronic heart failure patients
with, in general, a permanent ambulatory advanced New York
Heart Association (NYHA) functional class. Additionally, IV
inotropes may be used as bridge therapy in different settings
such as coronary revascularisation, mechanical circulatory
support, heart transplantation, and device therapy.

Indications for their use per national guidelines reflect all of

their weaknesses and uncertainties. For example, the European
Society of Cardiology (2016) classifies digoxin (which is still

the only oral positive inotrope available) as ‘other treatments

with less certain benefits in symptomatic patients with heart
failure with reduced left ventricular ejection fraction (LVEF)’

and it should be considered ‘in symptomatic patients in sinus
rhythm despite treatment with an ACE-I (or ARB), a BB and an
MRA, to reduce the risk of hospitalisation (both all-cause and
heart failure hospitalisations). Digoxin receives a class Ilb, level B
recommendation in which class llb implies ‘usefulness/efficacy is
less well established by evidence/opinion” and level B indicates
that supporting data are derived from ‘a single randomised clinical
trial’ [11]. They also state that IV inotropic agents (e.g. dobutamine,
dopamine, levosimendan and phosphodiesterase Il inhibitors)
should be considered ‘in patients with hypotension (systolic blood
pressure <90 mmHg) and/or signs/symptoms of hypoperfusion
despite adequate filling status, to increase CO, increase blood
pressure, improve peripheral perfusion and maintain end-

organ function’. These agents are classified as class llb, level C
recommendation in which (class llb was already described) level
Cindicates that data are ‘coming from consensus of opinion of
experts and/or small studies, retrospective studies, registries’ [11].

The search for new drugs

Currently available heart failure treatments have severe clinical
efficacy shortcomings and safety problems. There is a clear
need for new agents that can provide symptom relief and
improvement in long-term outcomes.

Serelaxin (RLX030), a recombinant form of human relaxin-2
hormone, is in phase Il trials. It showed promise in the RELAX-
AHF trial when it was shown to improve dyspnoea, but in

the RELAX-AHF-2 trial it failed on its two main endpoints:
worsening of heart failure after 5 days of therapy, and CV death
after 10 days [16,17].

The novel vasodilator, ularitide, is being studied in the phase Il
TRUE-AHF trial. Results showed that short-term treatment did
not improve long-term outcomes in acute heart failure patients
[18]. The study is ongoing; however, there have been concerns
over enrolment and ineligibility [19].

TRVO027 is a beta-arrestin-biased ligand. It is being studied in
the dose-ranging phase llb BLAST-AHF trial in hospitalised
patients with ADHF. Results show it did not provide any benefit
in the primary composite endpoint including the time from
baseline to death through day 30 and from baseline to heart
failure rehospitalisation through day 30 [20].

Omecamtiv mecarbil is a first-in-class cardiac myosin activator
that increases the proportion of myosin heads that are tightly
bound to actin and creates a force-producing state that is

not connected with cytosolic calcium accumulation [21]. This
review looks at the clinical development to-date of omecamtiv
mecarbil and its future prospects.

Omecamtiv mecarbil

Background

Physiologically, binding between myosin-ATP to actin filaments
is weak until hydrolysis of ATP to adenosine diphosphate (ADP)
and inorganic phosphate (Pi) occurs. The Pi is released from
myosin, and the remaining myosin-ADP complex remains
firmly attached to actin in a very stable force-generating
complex - its slow dissociation happens once a molecule of
ATP binds myosin inducing a conformational change [21]. Thus,
hydrolysis of ATP to ADP-Pi and subsequent Pi release from
myosin reflects the transition from a weakly actin-binding state
to a strongly actin-binding state, and this transition is decisive,
because it implies a rate-limiting step during the whole actin-
myosin ATPase cycle (Figure 1) [22,23].

Pharmacology and mechanism of action

Omecamtiv mecarbil formerly known as CK-1827452 [24] is a
selective cardiac myosin activator (molecular weight 401.43)
that specifically binds the catalytic ST domain of cardiac myosin
but without any significant effect over other types of myosin
(smooth or skeletal muscle) [21]. The omecamtiv mecarbil
binding site is a narrow cleft between the N-terminal 25-K
domain and the lower portion of the 50-K domain that result

in different reversible allosteric changes that explain how the
drug modulates cardiac myosin activity [25]. The binding site

is the amino acid serine 148, which is about 6.5 nm from the
actin-binding interface and about 3 nm from the nucleotide-
binding pocket [21]. These conformational changes augment
the speed of ATP hydrolysis with consequent Pi release and so
accelerate the transition rate from a weakly bound to a strongly
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Figure 1. Myocardiocyte contractile cycle. Calcium binds TnC (inhibiting Tnl) inducing a conformational change that
displaces tropomyosin from binding sites and exposing active sites between actin and myosin. Myosin
heads activation occurs by ATP hydrolysis (ADP+Pi) which is no longer inhibited (Tnl) and enables cross-
bridge formation between myosin heads and active sites on actin (A/B). Release of Pi reinforces these
interactions (myosin and actin) triggering the ‘power stroke,” which is another conformational change that
firmly pulls myosin against actin in a very stable force-generating association (B/C). Complex myosin-ADP-
actin dissociates when an ATP molecule binds myosin heads liberating ADP and releasing actin filaments
(D). Calcium dissociation from troponin occurs when its cytosolic levels decrease and tropomyosin returns
to its original state (blocking actin binding sites).
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bound force-producing state (Figure 1). As a result, the total
number of myosin heads bound to actin filaments increases
thus boosting force production [21,26]. This mechanism is
central to understanding omecamtiv mecarbil’s action, because
in a normal systole, only about 10-30% of total cardiac myosin
heads interact with actin filaments [27]. From a functional point
of view, omecamtiv mecarbil prolongs total systole duration by
enhancing entry rate of myosin into a force-generating state,
which implies more active cross-bridges formation and thus, a
stronger cardiac contraction (Figure 2) [21,26].

In two experimental canine models of heart failure, omecamtiv
mecarbil (bolus and 24-hour perfusion) was capable of
reducing heart rate, vascular peripheral resistance, mean left

atrial pressure, and left ventricular end diastolic pressure,
whereas, systolic wall thickening, stroke volume (SV) and CO
improved. Omecamtiv mecarbil increased systolic ejection
time (SET) as well as cardiac myocyte fractional shortening
but without any significant increase of LV dP/dt,_ . , myocardial
oxygen consumption and myocyte intracellular calcium [28].

Clinical trials with omecamtiv
mecarbil

Currently, omecamtiv mecarbil has been studied in nine
phase I clinical trials (over 200 healthy volunteers) and four
phase Il clinical trials (more than 1300 heart failure patients) [29].
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Figure 2. Omecamtiv mecarbil activates cardiac myosin and augments the speed of ATP hydrolysis, thus
accelerating the production of a strong actin-myosin complex, which leads to increased force
production.

ADP, adenosine diphosphate; ATP, adenosine triphosphate; Pi, inorganic phosphate.

A first-in-man phase | dose-escalating crossover study in 34
healthy men was published in 2011 [30]. It sought to establish
the maximum tolerated dose and plasma concentrations
following omecamtiv mecarbil infusion (0.005-1 mg/kg/h).
Secondary objectives were to record pharmacokinetic and
pharmacodynamic data, and safety and tolerability of the drug.
A dose-dependent augmentation of different cardiac systolic
function markers (all p<0.0001) was documented including: SET,
85+5 ms; SV, 1512 mL; left ventricular fractional shortening (LVFS),
8+1%j; LVEF, 7+£1%. Heart rate was not modified. The maximum
tolerated dose was 0.5 mg/kg/h, whilst doses >0.75 mg/kg/h
were associated with myocardial ischaemia (troponin elevation).

Cleland and colleagues studied the effects of omecamtiv
mecarbil on cardiac function in a double-blind, placebo-
controlled, crossover and dose-ranging phase Il study [31]. A
total of 45 patients (LVEF <40%) were divided into 5 cohorts
(8-10 subjects) to receive omecamtiv mecarbil (2, 24 and 72
hours) in escalating infusion doses (loading and maintenance).
A direct proportional relation (all p<0.0001) was observed
between omecamtiv mecarbil plasma concentration (ng/mL)
and the augmentation (from baseline) of SET (up to 80 ms/>100
ng/mL) and SV (up to 9.7 mL/>200 ng/mL). Higher plasma
concentrations (>500 ng/mL) were linked with the reduction

of both, LV end-systolic volume (LVESV) (15 mL; p=0.0026) and
LV end-diastolic volume (LVEDV) (16 mL, p=0.0096). Induction
of ischaemia was observed in two patients at very high
concentrations (1750 and 1350 ng/mL).

The safety and tolerability of omecamtiv mecarbil

during exercise was studied in heart failure patients with
ischaemic cardiomyopathy and active angina in a double-
blind, randomised, placebo-controlled trial published in
2015 [32]. Patients (mean age 63+9) were randomised to
receive omecamtiv mecarbil (n=65) or placebo (n=29) in two
sequential cohorts at escalating doses previously shown to
improve systolic function. Two symptom-limited exercise
treadmill tests (ETTs) were performed at baseline (ETT1,
ETT2) and one before the end of the 20-hour omecamtiv
mecarbil infusion (ETT3). Omecamtiv mecarbil was dosed
to target plasma levels ~295 ng/mL (24 mg/h for 2 hours
plus 6 mg/h for 18 hours) in cohort 1 (n=31) and to levels
~550 ng/mL (48 mg/h for 2 hours plus 11 mg/h for 18
hours) in cohort 2 (n=34). Patients who tolerated IV infusion
continued receiving (3 times daily) 12.5 mg (cohort 1) or 25
mg (cohort 2) of oral omecamtiv mecarbil or placebo for 7
days (any additional ETT was performed). The predefined
safety endpoint was the proportion of patients needed to
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stop ETT3 due to angina at a stage earlier than baseline.
Only one patient in the placebo arm stopped ETT3 due to
angina (none in both omecamtiv mecarbil cohorts) and no
dose-dependent differences were found in the proportion of
patients stopping ETT3 for any reason (one in placebo, four
in cohort 1 and two in cohort 2 groups, respectively). The
authors concluded that omecamtiv mecarbil is well tolerated
in heart failure patients with ischaemic cardiomyopathy and
angina with no evidence of induced myocardial ischaemia.

ATOMIC-AHF trial

Results of the ATOMIC-AHF (Acute Treatment with Omecamtiv
Mecarbil to Increase Contractility in Acute Heart Failure)

trial were published in 2016 [33]. This was a double-blind,
randomised, placebo-controlled sequential cohort phase llb
study designed to investigate the safety, pharmacokinetics/
pharmacodynamics and efficacy of IV omecamtiv mecarbil in
hospitalised patients due to an ADHF.

Dyspnoea improvement (patient-reported 7-level Likert

scale) through 48 hours was its primary efficacy endpoint
(‘responder”: defined as minimally, moderately, or markedly
improved dyspnoea by 6 hours after infusion start and
moderately or markedly improved dyspnoea at 24 and 48 hours
without experiencing worsening heart failure or death from
any cause by 48 hours).

Eligible patients (history of heart failure and LVEF <40%) were
those who had been hospitalised due to ADHF showing dyspnoea
at rest or with minimal effort >2 hours after IV diuretics. Increased
plasma concentrations of B-type natriuretic peptide (BNP) or
N-terminal (NT)-proBNP (NT-proBNP) were also required, and
individuals receiving IV inotropic agents (other than dopamine <5
mg/kg/min) were excluded. There were 606 patients who were
treated in three sequential cohorts (approximately 200 patients
per cohort) with a 48-hour omecamtiv mecarbil infusion in three
escalating dose regimens targeting a mean plasma concentration
of 115,230 and 310 ng/mL.

The primary endpoint was not achieved, because the response
rates of dyspnoea relief within 48 hours amongst the placebo
groups of the three treatment cohorts were not statistically
different (p=0.316). There was a suggestion of greater dyspnoea
relief in the high-dose omecamtiv mecarbil cohort compared
with its placebo-concurrent group (assessed by both Likert and
numeric-rating scales).

More patients randomised to omecamtiv mecarbil had elevated
troponins compared to placebo, though no clear relationship
to omecamtiv mecarbil concentrations was found. In an
echocardiographic substudy, LVESD was found to be reduced
(p<0.05) and a plasma concentration-dependent increase in
SET caused by omecamtiv mecarbil (p<0.0001) was observed.
Mean placebo-corrected increase in SET was 23, 34, and 53 ms
for omecamtiv mecarbil concentration oscillating from 88 to
200 ng/mL, 201 to 300 ng/mL and >300 ng/mL, respectively
(p<0.005 for the difference versus placebo for all ranges).

At 30 days, the rates for serious adverse events (mostly
related to heart failure) were similar in both pooled groups
(placebo n=70 [23%] versus omecamtiv mecarbil n=66 [22%])
as well as all-cause rehospitalisation (placebo n=47 [15.5%]
versus omecamtiv mecarbil n=39 [12.9%)]) and heart failure
rehospitalisation (placebo n=19 [6.3%] versus omecamtiv
mecarbil n=22 [7.3%]). Within the same period, there were

18 CV deaths (placebo=10, omecamtiv mecarbil=8) and 77
by 6 months (placebo=39, omecamtiv mecarbil=38). A total
of 20 (6.6%) episodes of supraventricular tachyarrhythmia
were observed in patients taking placebo compared with

11 (3.6%) in the omecamtiv mecarbil group (predominantly
atrial fibrillation or flutter), whilst the incidence of ventricular
tachyarrhythmia was similar in both pooled groups (placebo
n=18 [5.9%] versus omecamtiv mecarbil n=16 [5.2%]).

Finally, there were 3 (1.0%) post-randomisation myocardial
infarctions in the placebo group compared with 7 (2.3%) in the
omecamtiv mecarbil cohorts.

Thus, IV omecamtiv mecarbil did not improve dyspnoea overall
but may have improved it in the high-dose group of acute heart
failure patients. It did, however, increases SET, decrease LVESD
and was well tolerated. ATOMIC-AHF was a dose-finding study
and underpowered to look at clinical outcomes, and the serial
enrolment of cohorts limited analyses; however, the results
were sufficient to warrant further investigation of omecamtiv
mecarbil as an oral treatment in chronic heart failure patients.

COSMIC-HF trial

The Chronic Oral Study of Myosin Activation to Increase
Contractility in Heart Failure (COSMIC-HF trial) was a randomised,
parallel-group, double-blind, placebo-controlled phase Il

study conducted over 87 sites in 13 countries [34]. Its primary
pharmacokinetic objective was to dose titrate omecamtiv
mecarbil so that patients received the drug over a targeted
plasma concentration range for the duration of the study, with a
secondary endpoint of its effect on cardiac function.

Eligible patients were aged 18-85 years with chronic heart
failure (NYHA Il or lll) who had an optimal specific treatment
for at least 4 weeks. There were 448 patients randomised

1:1:1 to receive oral placebo or omecamtiv mecarbil (fixed-
dose group: 25 mg twice daily; pharmacokinetic [PK]-titration
group: 25 mg with escalation to 50 mg, depending on
omecamtiv mecarbil plasma concentration). Patients were
visited at weeks 2 and 8, and then every 4 weeks until week 24
and intensive pharmacokinetic sampling was performed at the
end of weeks 2 and 12, over a period of 8 hours on each day. At
week 8, 78 patients (53%) of 146 in the PK-titration group were
escalated to dose of 50 mg twice daily and at week 12.

At 20 weeks, both omecamtiv mecarbil groups showed
significant improvements over placebo in SET (fixed-dose
group: +11 ms, p=0.007; PK-titration group: +25 ms, p<0.001)
and SV (fixed-dose group: +5 mL, p=0.0036; PK-titration group:
+ 4 mL, p=0.0217). Individually, the PK-titration group had
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Figure 3. COSMIC-HF study: least squares mean (SE) changes from baseline to 20 weeks in efficacy endpoints. All
prespecified secondary efficacy endpoints in the PK-titration group differed significantly from those in
the placebo group at week 20. (A) SET (systolic ejection time). (B) SV (stroke volume). (C) LVESD (left
ventricular end systolic diameter). (D) LVEDD (left ventricular end diastolic diameter). (E) Heart rate. (F)
NT-proBNP (N-terminal-pro B-type natriuretic peptide). PK, pharmacokinetic.
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The p values are for comparisons with the placebo group. Reproduced with permission [34].
significantly reduced LVESD (-1.8 mm, p=0.0027) and LVEDD only reached a positive tendency towards improvement in the
(1.3 mm, p=0.0128), heart rate (-3 beats per minute, p=0.0070) PK-titration group (p=0.063). Plasma concentrations of NT-
as well as LVESV, LVEDV and an augmented LVFS. LVEF was proBNP at 20 weeks were reduced in both omecamtiv mecarbil
significantly improved in the fixed-dose group (p=0.025) but groups (fixed-dose group: -822 pg/mL, p=0.0205; PK-titration
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group: =970 pg/mL, p=0.0069) and this effect persisted 4 weeks
after omecamtiv mecarbil discontinuation (fixed-dose group:
-1327 pg/mL, p=0.0004; PK-titration group: -1306 pg/mL,
p=0.0006) suggesting a progressive reduction in myocardial
wall stress (Figure 3).

Adverse and clinical events in patients on omecamtiv

mecarbil were comparable to placebo. There were a total of
eight deaths (four on placebo, one in the fixed-dose group, and
three in the PK-titration group) and three myocardial infarctions
(two on placebo and one in the PK-titration group), whereas
unstable angina was documented only in one patient of the
fixed-dose group. Other cardiac adverse and noncardiac events
were mostly balanced between placebo and treatment groups.
There were 91 (61%) reported adverse events on placebo, 92
(61%) in the fixed-dose group, and 95 (65%) in the PK-titration
group (pooled 187), whereas the adjudicated serious adverse
events, were 30 in the placebo arm (20%), 36 (24%) in the fixed-
dose group and 32 (22%) in the PK-titration group (pooled 68).

Cardiac troponin median change from baseline at week 20
increased compared with placebo by 0.001 ng/mL in the fixed-
dose and by 0.006 ng/mL in the PK-titration group (unchanged
in the placebo group). There were a total 278 events of
increased troponin affecting all treatment groups, but none

of them were judged to be due to an episode of myocardial
ischaemia or infarction.

drugsincontext.com

A further analysis of data from COSMIC-HF looked at
omecamtiv mecarbil response with regard to ischaemic and
nonischaemic heart failure aetiologies and found similar
findings between aetiologies with regard to pharmacodynamic
response, and efficacy and safety endpoints (Table 1) [35].

In summary, COSMIC-HF showed that an omecamtiv mecarbil
PK-based dose-titration strategy produced an improvement in
cardiac function as well as a reduction of ventricular diameters
compared to placebo, and with a similar safety profile.

GALACTIC-HF

GALACTIC-HF (Global Approach to Lowering Adverse Cardiac
Outcomes Through Improving Contractility in Heart Failure)

is a phase Ill, double-blind, randomised, placebo-controlled
multicentre clinical trial which started recruiting in January 2017
and is due for completion in January 2021 [36]. It is designed

to compare omecamtiv mecarbil with placebo when added

to current heart failure standard treatment in patients with
chronic heart failure and reduced ejection fraction. Its primary
endpoint is a composite of time-to-cardiovascular death or first
heart-failure event, whichever occurs first. Secondary endpoints
include measurement of patient-reported outcomes (Kansas
City Cardiomyopathy Questionnaire, KCCQ); time to first heart-
failure hospitalisation; and time to all-cause death. GALACTIC-
HF will recruit approximately 8000 symptomatic chronic heart

Table 1. Effects of omecamtiv mecarbil in patients with ischaemic and nonischaemic heart failure aetiology in
COSMIC-HF (placebo-corrected change from baseline at 20 weeks in the PK-group) [33]. A total of 287
(64%) patients had ischaemic aetiology of heart failure, whilst 161 (36%) had a nonischaemic origin.
The main statistically significant changes in all prespecified secondary efficacy endpoints (compared
to placebo) were documented in the PK-group (20 weeks). In this group there were 100 patients with
an ischaemic aetiology (placebo 89) and 46 with a nonischaemic one (placebo 60). Reproduced with
permission [34].
Variable Ischaemic (n:100) Nonischaemic (n:46) Interaction
LSmean (95% Cl) LSmean (95% Cl) (p-value)
SET (ms) 24 (16, 32) 25 (14, 37) 0.89
SV (mL) 49(1.0,8.7) 1.2 (-4.2,6.7) 0.28
LVEDD (mm) -1.2(-2,5,0.1) -1.7 (-3.4,0.1) 0.66
LVESD (mm) -1.6 (3.1, -1.0) -2.2 (-4.2,-0.3) 0.61
LVSF (%) 1.4 (-0.2,3.0) 2.1(-0.0,4.1) 0.59
LVEDV (mL) -10.3 (-21.1,0.5) —12.8 (—29.9,4.3) 0.81
LVESV (mL) -10.5 (-19.3,-1.6) -14.2 (-29.2,0.8) 0.67
LVEF (%) 1.4 (-0.8,3.5) 2.1(-0.7,5.0) 0.67
HR (bpm) -4 (-6.7,-1.5) —0.6 (—4.5,3.3) 0.15
NTproBNP (pg/mL) —695 (—1526, 136) —1249 (—2499, 2) 0.47
Tnl (ng/mL) 0.024 (0.011, 0.037) 0.022 (—0.008, 0.052) 0.91
HR, heart rate; LVEDD, left ventricular end-diastolic diameter; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular
ejection fraction; LVESD, left ventricular end-systolic diameter; LVESV, left ventricular end-systolic volume; LVSF, left ventricular
shortening fraction; NT-proBNP, N-terminal pro B-type natriuretic peptide; PK, pharmacokinetic; SET, systolic ejection time; SV,
stroke volume; Tnl, troponin 1.
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failure patients in over 800 sites in 34 countries and, in order

to be eligible, these individuals should have LVEF <35%, NYHA
[I-1V, and elevated BNP or NT-proBNP levels. Patients will be
randomised to oral omecamtiv mecarbil or placebo: omecamtiv
mecarbil starting dose of 25 mg twice daily and then followed
by a PK-guided dose optimisation to one of three target

doses (25, 37.5 and 50 mg twice daily). This is an event-driven
study in which patients will be followed indefinitely until the
accumulation of pre-estimated CV death events is reached
(90% powered for CV mortality).

Conclusions and future prospects

The first-in-class cardiac myosin activator, omecamtiv mecarbil,
augments the speed of ATP hydrolysis, thus accelerating the
production of a strong actin-myosin complex, which leads

to increased force production. It produces dose-dependent
increases in SET, SV, ejection fraction and fractional shortening.

The ATOMIC-AHF trial showed that IV omecamtiv mecarbil
did not improve dyspnoea overall but may have improved

it in a high-dose group of acute heart failure patients. It did,
however, increase SET, decrease LVESD and was well tolerated.
The COSMIC-HF trial showed that a pharmacokinetic-based
dose-titration strategy improved cardiac function and reduced
ventricular diameters compared to placebo, and had a similar
safety profile. It also significantly reduced plasma NT-proBNP
compared with placebo. Minimal troponin release without
evidence of ischaemia observed will no doubt be further
studied in the phase Il trial [30,37].

The GALACTIC-HF phase Il trial is comparing omecamtiv mecarbil
with placebo when added to current heart failure standard
treatment in patients with chronic heart failure and reduced
ejection fraction and is expected to be completed in January 2021.

Preclinical and clinical pharmacology studies are continuing
to look at the exact mechanism of omecamtiv mecarbil and
will no doubt help to interpret clinical results and guide future
clinical use of the drug [38].

Thus, the ongoing range of preclinical and clinical research
on omecamtiv mecarbil will further elucidate its full range of
pharmacological effects and its clinical usefulness in heart failure.

Disclosure and potential conflicts of interest: The authors declare no conflict of interest in the publication of this article.
http://www.drugsincontext.com/wp-content/uploads/2018/04/dic.212518-COl.pdf

Acknowledgements: EK performed the initial clinical review and draft manuscript. GM provided pharmacological input and technical

writing and editing skills, and both worked together on the revision.

Funding declaration: There was no funding associated with the preparation of this article.

Copyright: Copyright © 2018 Kaplinsky E, Mallarkey G. Published by Drugs in Context under Creative Commons License Deed CC BY NC ND 4.0
which allows anyone to copy, distribute, and transmit the article provided it is properly attributed in the manner specified below. No commercial

use without permission.

Correct attribution: Copyright © 2018 Kaplinsky E, Mallarkey G. https://doi.org/10.7573/dic.212518. Published by Drugs in Context under

Creative Commons License Deed CC BY NC ND 4.0.

Article URL: http://www.drugsincontext.com/cardiac-myosin-activators-for-heart-failure-therapy-focus-on-omecamtiv-mecarbil

Correspondence: Edgardo Kaplinsky, Cardiology Unit, Medicine Department, Hospital Municipal de Badalona, Via Augusta Av. 9-13 (08911),

Badalona, Spain. ejkaplinsky@gmail.com

Provenance: invited; externally peer reviewed.

Submitted: 28 November 2017; Peer review comments to author: 19 February 2018; Revised manuscript received: 2 April 2018; Accepted:

3 April 2018; Publication date: 23 April 2018.

Drugs in Context is published by BioExcel Publishing Ltd. Registered office: Plaza Building, Lee High Road, London, England,

SE13 5PT.

BioExcel Publishing Limited is registered in England Number 10038393. VAT GB 2527720009.

For all manuscript and submissions enquiries, contact the Editorial office dic.editorial@bioexcelpublishing.com

For all permissions, rights and reprints, contact David Hughes david.hughes@bioexcelpublishing.com

References

1. Ambrosy AP, Fonarow GC, Butler J, Chioncel O, Greene SJ, Vaduganathan M, Nodari S, Lam CSP, Sato N, Shah AN, Gheorghiade
M. The global health and economic burden of hospitalizations for heart failure: lessons learned from hospitalized heart failure
registries. J Am Coll Cardiol. 2014;63:1123-33. http://dx.doi.org/10.1016/j.jacc.2013.11.053

2. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden WB, Bravata DM, Dai S, Ford ES, Fox CS, Franco S, Fullerton HJ,
Gillespie C, Hailpern SM, Heit JA, Howard VJ, Huffman MD, Kissela BM, Kittner SJ, Lackland DT, Lichtman JH, Lisabeth LD, Magid

Kaplinsky E, Mallarkey G. Drugs in Context 2018; 7: 212518. DOI: 10.7573/dic.212518 80of 10

ISSN: 1740-4398


https://doi.org/10.7573/dic.212518
http://drugsincontext.com
http://www.drugsincontext.com/wp-content/uploads/2018/04/dic.212518-COI.pdf
https://doi.org/10.7573/dic.212518
http://www.drugsincontext.com/cardiac-myosin-activators-for-heart-failure-therapy-focus-on-omecamtiv-mecarbil
mailto://ejkaplinsky@gmail.com
mailto://dic.editorial@bioexcelpublishing.com
mailto://david.hughes@bioexcelpublishing.com
http://dx.doi.org/10.1016/j.jacc.2013.11.053

REVIEW - Cardiac myosin activators for heart failure therapy drugsincontext.com

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

D, Marcus GM, Marelli A, Matchar DB, McGuire DK, Mohler ER, Moy CS, Mussolino ME, Nichol G, Paynter NP, Schreiner PJ, Sorlie
PD, Stein J, Turan TN, Virani SS, Wong ND, Woo D, Turner MB; American Heart Association Statistics Committee and Stroke
Statistics Subcommittee. Executive summary: heart disease and stroke statistics — 2013 update: a report from the American Heart
Association. Circulation. 2013;127:143-52. http://dx.doi.org/10.1161/CIR.0b013e318282ab8f

Heidenreich PA, Albert NM, Allen LA, Bluemke DA, Butler J, Fonarow GC, Ikonomidis JS, Khavjou O, Konstam MA, Maddox TM, Nichol
G, Pham M, Pifa IL, Trogdon JG; American Heart Association Advocacy Coordinating Committee; Council on Arteriosclerosis,
Thrombosis and Vascular Biology; Council on Cardiovascular Radiology and Intervention; Council on Clinical Cardiology; Council on
Epidemiology and Prevention; Stroke Council. Forecasting the impact of heart failure in the United States: a policy statement from
the American Heart Association. Circ Heart Fail. 2013;6:606-19. http://dx.doi.org/10.1161/HHF.0b013e318291329a

Storrow AB, Jenkins CA, Self WH, Alexander PT, Barrett TW, Han JH, McNaughton CD, Heavrin BS, Gheorghiade M, Collins SP. The burden
of acute heart failure on U.S. emergency departments. JACC Heart Fail. 2014;2:269-77. http://dx.doi.org/10.1016/j.jchf.2014.01.006

Liu L, Eisen HJ. Epidemiology of heart failure and scope of the problem. Cardiol Clin. 2014;32:1-8.

Askoxylakis V, Thieke C, Pleger ST, Most P, Tanner J, Lindel K, Katus HA, Debus J, Bischof M. Long-term survival of cancer patients
compared to heart failure and stroke: a systematic review. BMC Cancer. 2010;10:105.

http://dx.doi.org/10.1186/1471-2407-10-105

Packer M. The neurohormonal hypothesis: a theory to explain the mechanism of disease progression in heart failure. J Am Coll
Cardiol. 1992;20:248-54. http://dx.doi.org/10.1016/0735-1097(92)90167-L

Goldsmith SR. Interactions between the sympathetic nervous system and the RAAS in heart failure. Curr Heart Fail Rep.
2004;1:45-50. http://dx.doi.org/10.1007/5s11897-004-0024-5

Wagman G, Fudim M, Kosmas CE, Panni RE, Vittorio TJ. The neurohormonal network in the RAAS can bend before breaking. Curr
Heart Fail Rep. 2012;9:81. https://doi.org/10.1007/s11897-012-0091-y

Okwuosa IS, Princewill O, Nwabueze C, Mathews L, Hsu S, Gilotra NA, Lewsey S, Blumenthal RS, Russell SD. The ABCs of managing
systolic heart failure: past, present, and future. Cleve Clin J Med. 2016;83:753-65. http://dx.doi.org/10.3949/ccjm.83a.16006
Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, Falk V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA, Jessup
M, Linde C, Nihoyannopoulos P, Parissis JT, Pieske B, Riley JP, Rosano GM, Ruilope LM, Ruschitzka F, Rutten FH, van der Meer P.
Authors/Task Force Members; Document Reviewers. 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic
heart failure: the task force for the diagnosis and treatment of acute and chronic heart failure of the European Society

of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the ESC. Eur

J Heart Fail. 2016;18:891-975. http://dx.doi.org/10.1002/ejhf.592

McMurray JJV, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, Rouleau JL, Shi VC, Solomon SD, Swedberg K, Zile MR;
PARADIGM-HF Investigators and Committees. Angiotensin neprilysin inhibition versus enalapril in heart failure. N Engl J Med.
2014;371:993-1004. http://dx.doi.org/10.1056/NEJMo0a1409077

Williams SG, Jackson M, Cooke GA, Barker D, Patwala A, Wright DJ, Albuoaini K, Tan LB. How do different indicators of cardiac
pump function impact upon the long-term prognosis of patients with chronic heart failure? Am Heart J. 2005;150:983. e1-e6.
http://dx.doi.org/10.1016/j.ahj.2005.08.018

Teerlink JR, Metra M, Zaca V, Sabbah HN, Cotter G, Gheorghiade M, Cas LD.

Agents with inotropic properties forthe management of acute heart failure syndromes. Traditional agents and beyond. Heart Fail
Rev. 2009;14:243-53. http://dx.doi.org/10.1007/s10741-009-9153-y

Tariq S, Aronow WS. Use of inotropic agents in treatment of systolic heart failure. Int J Mol Sci. 2015;16:29060-8.
http://dx.doi.org/10.3390/ijms161226147

Filippatos G, Teerlink JR, Farmakis D, Cotter G, Davison BA, Felker GM, Greenberg BH, Hua T, Ponikowski P, Severin T, Unemori

E, Voors AA, Metra M. Serelaxin in acute heart failure patients with preserved left ventricular ejection fraction: results from the
RELAX-AHF trial. Eur Heart J. 2014 Apr;35(16):1041-50. http://dx.doi.org/10.1093/eurheartj/eht497

Novartis provides update on Phase IIl study of RLX030 (serelaxin) in patients with acute heart failure. Available at:
https://www.novartis.com/news/media-releases/novartis-provides-update-phase-iii-study-rIx030-serelaxin-patients-acute-heart
[Last accessed: 26 March 2018].

Packer M, O'Connor C, McMurray JJV, Wittes J, Abraham WT, Anker SD, Dickstein K, Filippatos G, Holcomb R, Krum H, Maggioni
AP, Mebazaa A, Peacock WF, Petrie MC, Ponikowski P, Ruschitzka F, van Veldhuisen DJ, Kowarski LS, Schactman M, Holzmeister

J; TRUE-AHF Investigators. Effect of ularitide on cardiovascular mortality in acute heart failure. N Engl J Med. 2017 May
18,;376(20):1956-64. http://dx.doi.org/10.1056/NEJM0a1601895

As Another Trial Goes Bust Investigators Call for major changes in international trials. Available at:
http://www.cardiobrief.org/2017/04/29/as-another-trial-goes-bust-investigators-call-for-major-changes-in-international-trials/
[Last accessed: 26 March 2018].

Pang PS, Butler J, Collins SP, Cotter G, Davison BA, Ezekowitz JA, Filippatos G, Levy PD, Metra M, Ponikowski P, Teerlink JR,

Voors AA, Bharucha D, Goin K, Soergel DG, Felker GM. Biased ligand of the angiotensin Il type 1 receptor in patients with acute

Kaplinsky E, Mallarkey G. Drugs in Context 2018; 7: 212518. DOI: 10.7573/dic.212518 90of 10
ISSN: 1740-4398


https://doi.org/10.7573/dic.212518
http://drugsincontext.com
http://dx.doi.org/10.1161/CIR.0b013e318282ab8f
http://dx.doi.org/10.1161/HHF.0b013e318291329a
http://dx.doi.org/10.1016/j.jchf.2014.01.006
http://dx.doi.org/10.1186/1471-2407-10-105
http://dx.doi.org/10.1016/0735-1097(92)90167-L
http://dx.doi.org/10.1007/s11897-004-0024-5
https://doi.org/10.1007/s11897-012-0091-y
http://dx.doi.org/10.3949/ccjm.83a.16006
http://dx.doi.org/10.1002/ejhf.592
http://dx.doi.org/10.1056/NEJMoa1409077
http://dx.doi.org/10.1016/j.ahj.2005.08.018
http://dx.doi.org/10.1007/s10741-009-9153-y
http://dx.doi.org/10.3390/ijms161226147
http://dx.doi.org/10.1093/eurheartj/eht497
https://www.novartis.com/news/media-releases/novartis-provides-update-phase-iii-study-rlx030-serelaxin-patients-acute-heart
http://dx.doi.org/10.1056/NEJMoa1601895
http://www.cardiobrief.org/2017/04/29/as-another-trial-goes-bust-investigators-call-for-major-changes-in-international-trials/

REVIEW - Cardiac myosin activators for heart failure therapy drugsincontext.com

21.

22.

23.

24.

25.

26.

27.

28.

20.
30.

31.

32.

33.

34.

35.

36.

37.

38.

heart failure: a randomized, double-blind, placebo-controlled, phase IIB, dose ranging trial (BLAST-AHF). Eur Heart J. 2017 Aug
7;38(30):2364-73. http://dx.doi.org/10.1093/eurheartj/ehx196

Malik FI, Hartman JJ, Elias KA, Morgan BP, Rodriguez H, Brejc K, Anderson RL, Sueoka SH, Lee KH, Finer JT, Sakowicz R, Baliga

R, Cox DR, Garard M, Godinez G, Kawas R, Kraynack E, Lenzi D, Lu PP, Muci A, Niu C, Qian X, Pierce DW, Pokrovskii M, Suehiro

I, Sylvester S, Tochimoto T, Valdez C, Wang W, Katori T, Kass DA, Shen YT, Vatner SF, Morgans DJ. Cardiac myosin activation: a
potential therapeutic approach for systolic heart failure. Science. 2011;331:1439-43. http://dx.doi.org/10.1126/science.1200113
Sun YB, Irving M. The molecular basis of the steep force-calcium relation in heart muscle. J Moll Cell Cardiol. 2010;48:859-65.
http://dx.doi.org/10.1016/j.yjmcc.2009.11.019

Sweeney HL, Houdusse A. Structural and functional insights into the myosin motor mechanism. Annu Rev Biophys. 2010;39:539-57.
http://dx.doi.org/10.1146/annurev.biophys.050708.133751

Morgan BP, Muci A, Lu PP, Qian X, Tochimoto T, Smith WW, Garard M, Kraynack E, Collibee S, Suehiro I, Tomasi A, Valdez SC, Wang
W, Jiang H, Hartman J, Rodriguez HM, Kawas R, Sylvester S, Elias KA, Godinez G, Lee K, Anderson R, Sueoka S, Xu D, Wang

Z, Djordjevic N, Malik FI, Morgans DJ Jr. Discovery of omecamtiv mecarbil the first, selective, small molecule activator of cardiac
myosin. ACS Med Chem Lett. 2010;1:472-7. http://dx.doi.org/10.1021/m1100138q

Winkelmann DA, Forgacs E, Miller MT, Stock AM. Structural basis for drug-induced allosteric changes to human b-cardiac myosin
motor activity. Nat Commun. 2015;6:7974. http://dx.doi.org/10.1038/ncomms8974

Liu Y, White HD, Belknap B, Winkelmann DA, Forgacs E. Omecamtiv Mecarbil modulates the kinetic and motile properties of
porcine 3-cardiac myosin. Biochemistry. 2015;54:1963-75. http://dx.doi.org/10.1021/bi5015166

Spudich JA. Hypertrophic and dilated cardiomyopathy: four decades of basic research on muscle lead to potential therapeutic
approaches to these devastating genetic diseases. Biophys J. 2014;106:1236-49. http://dx.doi.org/10.1016/j.bpj.2014.02.011
Shen'Y, Malik FI, Zhao X, Depre C, Dhar SK, Abarzua P, Morgans DJ, Vatner SF. Improvement of cardiac function by a cardiac
myosin activator in conscious dogs with systolic heart failure. Circ Heart Fail. 2010;3:522-7.
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.930321

Omecamtiv mecarbil. Available at: https://cytokinetics.com/clinical-trials [Last accessed: 26 March 2018].

Teerlink JR, Clarke CP, Saikali KG, Lee JH, Chen MM, Escandon RD, Elliott L, Bee R, Habibzadeh MR, Goldman JH, Schiller NB, Malik
FI, Wolff AA. Dose-dependent augmentation of cardiac systolic function with the selective cardiac myosin activator, omecamtiv
mecarbil: a first-in-man study. Lancet. 2011;378:667-75. http://dx.doi.org/10.1016/50140-6736(11)61219-1

Cleland JFG, Teerlink JR, Senior R, Nifontov EM, McMurray JJV, Lang CC, Tsyrlin VA, Greenberg BH, Mayet J, Francis

DP, Shaburishvili T, Monaghan M, Saltzberg M, Neyses L, Wasserman SM, Lee JH, Saikali KG, Clarke CP, Goldman JH, Wolff

AA, Malik Fl. The effects of the cardiac myosin activator, omecamtiv mecarbil, on cardiac function in systolic heart failure: a
double blind, placebo-controlled, crossover, dose-ranging phase 2 trial. Lancet. 2011;378:676-83.
http://dx.doi.org/10.1016/50140-6736(11)61126-4

Greenberg BH, Chou W, Saikali KG, Escandén R, Lee JH, Chen MM, Treshkur T, Megreladze |, Wasserman SM, Eisenberg

P, Malik F, Wolff AA, Shaburishvili T. Safety and tolerability of omecamtiv mecarbil during exercise in patients with ischemic
cardiomyopathy and angina. JACC Heart Fail. 2015;3:22-9. http://dx.doi.org/10.1016/j.jchf.2014.07.009

Teerlink JR, Felker GM, McMurray JJ, Ponikowski P, Metra M, Filippatos GS, Ezekowitz JA, Dickstein K, Cleland JG, Kim

JB, Lei L, Knusel B, Wolff AA, Malik FI, Wasserman SM; ATOMIC-AHF Investigators. Acute treatment with omecamtiv

mecarbil to Increase contractility in acute heart failure: the ATOMIC-AHF Study. J Am Coll Cardiol. 2016;67:1444-55.
http://dx.doi.org/10.1016/j.jacc.2016.01.031

Teerlink JR, Felker GM, McMurray JJ, Solomon SD, Adams KF Jr, Cleland JG, Ezekowitz JA, Goudev A, Macdonald P, Metra

M, Mitrovic V, Ponikowski P, Serpytis P, Spinar J, Tomcsanyi J, Vandekerckhove HJ, Voors AA, Monsalvo ML, Johnston J, Malik

FI, Honarpour N; COSMIC-HF Investigators. Chronic oral study of myosin activation to increase contractility in heart failure
(COSMIC-HF): a phase 2, pharmacokinetic, randomised, placebo-controlled trial. Lancet. 2016;388:2895-903.
http://dx.doi.org/10.1016/5S0140-6736(16)32049-9

Teerlink JR, Felker GM, McMurray JJ, Solomon SD, Kurtz CE, Monslavo ML, Johnston J, Malik Fl, Honarpour N. Effect of omecamtiv
mecarbil in patients with ischemic and non-ischemic heart failure with reduced ejection fraction: results from COSMIC-HF. J Card
Fail. 2017;23:511. http://dx.doi.org/10.1016/j.cardfail.2017.07.025

Registrational Study with Omecamtiv Mecarbil/AMG 423 to Treat Chronic Heart Failure with Reduced Ejection Fraction
(GALACTIC-HF). ClinicalTrials.gov Identifier: NCT02678923. Available at: https://clinicaltrials.gov/ct2/show/results/NCT02929329
[Last accessed: 26 March 2018].

Psotka MA, Teerlink JR. Direct myosin activation by omecamtiv mecarbil for heart failure with reduced ejection fraction. Handb
Exp Pharmacol. 2017;243:465-90. http://dx.doi.org/10.1007/164_2017_13

Nanasi P, Komaromi I, Gaburjakova M, Almassy J. Omecamtiv mecarbil: a myosin motor activator agent with promising clinical
performance and new in vitro results. Curr Med Chem. 2018;25. http://dx.doi.org/10.2174/0929867325666171222164320

Kaplinsky E, Mallarkey G. Drugs in Context 2018; 7: 212518. DOI: 10.7573/dic.212518 10 of 10
ISSN: 1740-4398


https://doi.org/10.7573/dic.212518
http://drugsincontext.com
http://dx.doi.org/10.1093/eurheartj/ehx196
http://dx.doi.org/10.1126/science.1200113
http://dx.doi.org/10.1016/j.yjmcc.2009.11.019
http://dx.doi.org/10.1146/annurev.biophys.050708.133751
http://dx.doi.org/10.1021/ml100138q
http://dx.doi.org/10.1038/ncomms8974
http://dx.doi.org/10.1021/bi5015166
http://dx.doi.org/10.1016/j.bpj.2014.02.011
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.930321
https://cytokinetics.com/clinical-trials
http://dx.doi.org/10.1016/S0140-6736(11)61219-1
http://dx.doi.org/10.1016/S0140-6736(11)61126-4
http://dx.doi.org/10.1016/j.jchf.2014.07.009
http://dx.doi.org/10.1016/j.jacc.2016.01.031
http://dx.doi.org/10.1016/S0140-6736(16)32049-9
http://dx.doi.org/10.1016/j.cardfail.2017.07.025
https://clinicaltrials.gov/ct2/show/results/NCT02929329
http://dx.doi.org/10.1007/164_2017_13
http://dx.doi.org/10.2174/0929867325666171222164320

