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Myosin Modulators: The New Era of Medical Therapy for 
Systolic Heart Failure and Hypertrophic Cardiomyopathy
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Abstract

A new uprising pharmacological treatment for systolic heart failure 
and hypertrophic cardiomyopathy demonstrates very promising re-
sults the last years. Myosin modulators have already been tested in 
numerous studies. Myosin inhibitor (mavacamten) and myosin stimu-
lator, (omecamtiv mecarbil) exhibit their effect by improving clinical 
outcomes, as well as reducing morbidity and mortality. More studies 
are however required for further evaluation and particularly effect on 
sarcomeric level. Side effects of both pharmacological agents have 
been described and should always be close monitored. Cardiopulmo-
nary exercise test has a pivotal role by means of assessing treatment 
efficacy.
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Introduction

Sarcomeres are the principal contractile units. Genetic muta-
tions give rise to different forms of cardiomyopathy. Hyper-
trophic cardiomyopathy (HCM) is the most common genetic 
heart disease. It is the most common cause of sudden cardiac 
death in young patients. This type of cardiomyopathy is char-
acterized primarily by hypertrophy together with myofibrillar 
disarray and diastolic dysfunction in the absence of pressure or 
volume overload.

In the contrary, systolic heart failure is characterized by 
impaired systolic function. Compared with HCM, systolic 
heart failure is characterized by great heterogeneity. From ge-
netic perspective, dilative cardiomyopathy (DCM) is the most 
common representative of sarcomere mutation that can lead to 

systolic heart failure. Such mutations give rise to diminished 
sarcomere force generation, impaired force transmission, alter-
nations in energy production or defects in calcium handling [1].

Current Medical and Interventional Treatment

In case of HCM, treatment is standard-wise initiated with be-
ta-blocker, verapamil and additional disopyramide in case of 
pressure gradient, persistent symptoms, and absence of con-
traindication to disopyramide.

In case of persistent symptoms and an existing pacemaker, 
DDD pacemaker upgrade with short atrioventricular delay is 
an option. Furthermore, myectomy, alcohol septal ablation 
(ASA) and ultimately heart transplantation must be considered 
in patients who may need a more invasive management [2].

In case of systolic heart failure, essential is the correct di-
agnosis of the causes of reduced systolic function (ischemic 
or non-ischemic). Primarily, an angiotensin-converting en-
zyme (ACE)-blocker and beta-blocker should be initiated in 
every patient and uptitrated until the maximal tolerated dos-
es. Patients with persistent symptoms and ejection fraction 
of 35% or less, a further escalation of medical therapy with 
mineralocorticoid receptor antagonist (MRA) is required. 
Furthermore, in case of sinus rhythm and heart frequency 
more than 70 beat/min, medical therapy with ivabradin im-
proves clinical outcomes. Moreover, studies have shown that 
angiotensin receptor-neprilysin inhibitors can dramatically 
improve mortality and morbidity in patients with systolic 
heart failure. Additionally, cardiac resynchronization therapy 
(CRT) is strongly recommended in patients with left ventric-
ular ejection fraction (LVEF) 35% and a wide QRS (more 
or equal to 130 ms). In case of terminal heart failure, not all 
patients can benefit from heart transplantation, in the frame 
of insufficient donations compared to demand. Over the last 
years, implantation of left ventricular assist devices (LVAD) 
has been an important and effective alternative in long term 
[3].

Hypertrophic Obstructive Cardiomyopathy

Mutations leading to HCM have been detected in genes en-
coding for sarcomeres. Even if a numerous gene mutations 
in sarcomeres have been identified, it has not been specified 
clearly yet, how mutations in a single protein lead to a positive 
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phenotype.
Recent development of mavacamten, a myosin inhibitor, 

has given an answer to this question. Increased contractility 
was shown to be the primary defect in HCM, in a scene of 
excess sarcomere power [4].

This inhibitor of cardiac myosin adenosine triphosphatase 
(ATPase) increases the length of the total time of the ATPase 
cycle, as well as decreases the rate of phosphate release with-
out slowing adenosine diphosphate (ADP) release [4, 5]. This 
leads to a reduction of force of contraction. Moreover, recent 
studies have demonstrated that mavacamten exerts its effects 
by stabilizing the state of relaxation of β-cardiac myosin [5, 6]. 
Throughout, there is a reduction of myosin heads that are func-
tionally accessible for interaction with actin filaments. This is 
predominantly the mechanism of the effect of mavacamten.

In chronic setting, mavacamten infusion leads to suppres-
sion of the phenotype, including hypertrophy, myocardial dis-
array and myocardial fibrosis in mice models [4].

Interestingly, mavacamten may decrease the left ventricu-
lar outflow tract (LVOT) pressure gradient by reducing con-
tractility and eliminating systolic anterior motion of the mitral 
[7].

Furthermore, the PIONEER-HCM trial tested the effects 
of mavacamten in patients with HCM [8]. In this first patient 
cohort, 11 patients enrolled and 10 completed the study. LVOT 
gradient and maximal oxygen consumption (peakVO2) were 
tested at 12 weeks. As a primary endpoint, mavacamten led to 
significant decrease of pressure gradient as well as increased 
peak VO2 (P = 0.002).

Lately, in EXPLORER-HCM trial, mavacamten was ef-
fective in terms of reducing LVOT gradients and improving 
symptoms, exercise performance, and health status [9]. A total 
of 251 patients received once daily mavacamten or placebo 
for 30 weeks. As primary endpoint, an increase of 1.5 mL/kg 
per minute or greater of peak VO2 and at least one New York 
Heart Association (NYHA) class reduction or a 3.0 mL/kg per 
minute or greater pVO2 increase without NYHA class worsen-
ing at week 30 has been considered.

Results showed 36.6% of patients met the primary end-
point compared with 17.2% patients on placebo (P = 0.0005). 
All secondary endpoints (including post-exercise LVOT gra-
dient and outcomes) demonstrated statistically significant im-
provements (P < 0.0006) [9].

Systolic Heart Failure

The direct sarcomere activator omecamtiv mecarbil (OM) 
exerts inotropic effects by directly increasing sarcomere con-
tractility without affecting intracellular calcium concentration, 
which is responsible for adverse effects of inotropic agents 
[10].

In ATOMIC-AHF (Acute Treatment with Omecamtiv 
Mecarbil to Increase Contractility in Acute Heart Failure) trial, 
intravenous use of OM did not lead to improvement of dyspnea 
(P = 0.034). However, decrease of left ventricular end systolic 
diameter has been demonstrated. The results were sufficient to 
warrant further investigation of OM [11].

The COSMIC-HF (Chronic Oral Study of Myosin Acti-
vation to Increase Contractility in Heart Failure) trial was a 
multicenter, randomized, double-blind, placebo-controlled 
trial, which evaluated the tolerability of OM and its effects on 
left ventricle (LV) systolic function and ventricular remodeling 
in patients with heart failure with reduced ejection fraction 
(HFrEF). The study showed that OM led to an improvement in 
cardiac function as well as a reduction of ventricular diameters 
compared to placebo [12].

Finally, the GALACTIC-HF (Global Approach to Lower-
ing Adverse Cardiac outcomes Through Improving Contractil-
ity in Heart Failure) trial is the first trial of examining whether 
selectively increasing cardiac contractility will result in im-
proved clinical outcomes [13].

Side Effects of Myosin Modulators

In case of systolic heart failure, adverse effects of OM, for ex-
ample ischemia, were observed at very high doses, in particu-
lar due to overlengthening of ejection time. However, adverse 
effects that typically lead to limited use of current medical 
treatment, such decreased blood pressure, orthostatic dysregu-
lation, electrolyte disturbances or acute renal failure, were not 
observed [14].

On the other hand, in case of HCM, myosin inhibitors 
were discontinued due to adverse events, such as atrial fibrilla-
tion and syncope. Additionally, some patients have been found 
to have stress cardiomyopathy. Furthermore, some patients 
had a drop in LVEF, and a small part of those required proto-
col-driven temporary discontinuation of the drug. Importantly, 
there were no incident heart failure events [8].

Conclusions

Myosin modulators represent promising agents for the therapy 
of systolic heart failure and HCM.

Mavacamten and OM, recently developed direct sar-
comere modulators, have demonstrated significant therapeutic 
effects in HCM and systolic heart failure. The optimal treat-
ment depends however on each mutation. Development of mu-
tation-specific therapies is essential to prevent the progression 
of cardiomyopathies. Further development of more specific 
sarcomere modulators, which can influence in a positive man-
ner the sarcomere function, is expected in the following years.

The ongoing range of research on OM will further high-
light its full range of effects and its usefulness in patients with 
systolic heart failure. In the broad spectrum of studies con-
cerning systolic heart failure, cardiopulmonary exercise test 
(CPET) plays a pivotal role in the evaluation of treatment ef-
ficacy [3, 15].

Ongoing studies are about to evaluate the efficacy of ma-
vacamten to reduce the need for septal reduction therapies. 
In case of HCM, careful evaluation of mitral valve apparatus 
should take place, due to the fact that abnormalities of mitral 
valve apparatus may be the only phenotypic expression of the 
disease, even in the absence of hypertrophy [16].
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