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Abstract: Hypertrophic cardiomyopathy (HCM) is the most common monogenic cardiac disease with
a highly variable phenotypic expression, ranging from asymptomatic to drug refractory heart failure
(HF) presentation. Pharmacological therapy is the first line of treatment, but options are currently
limited to nonspecific medication like betablockers or calcium channel inhibitors, with frequent
suboptimal results. While being the gold standard practice for the management of drug refractory
HCM patients, septal reduction therapy (SRT) remains an invasive procedure with associated surgical
risks and it requires the expertise of the operating centre, thus limiting its accessibility. It is therefore
with high interest that researchers look for pharmacological alternatives that could provide higher
rates of success. With new data gathering these past years as well as the development of a new drug
class showing promising results, this review provides an up-to-date focused synthesis of existing
medical treatment options and future directions for HCM pharmacological treatment.

Keywords: hypertrophic cardiomyopathy; pharmacotherapy; drug trials; myosin inhibitors; mava-
camten

1. Introduction

Hypertrophic cardiomyopathy (HCM) is the most common monogenic disorder of
cardiac myocytes, characterized by left ventricular hypertrophy unexplained by secondary
causes, with a nondilated left ventricle (LV) and a preserved or increased ejection fraction.
Dynamic left ventricular outflow tract (LVOT) obstruction is present in approximatively
two thirds of cases (at rest or provoked), being the main determinant of symptoms and
causing patients to experience debilitating limitations in every day physical activity. It
is most frequently secondary to a mitral-valve systolic anterior motion with or without
septal contact that is produced by flow drag. Other mechanisms such as anomalous in-
sertion of the papillary muscles can be responsible for obstruction at a midventricular
level [1,2]. Mutations in over a dozen genes encoding proteins of thick and thin myofila-
ment contractile components of the cardiac sarcomere or Z disk have been proven to cause
HCM, with MYH7, encoding myosin heavy chain β (MHC-β), and MYBPC3, encoding
cardiac myosin-binding protein C (cMyBP-C), being responsible for 50–70% of inherited
HCM. These genetic variants are, however, found in only about one third of patients
with HCM [3–5]. Moreover, recent data suggests that patients with pathogenic or likely
pathogenic variants exhibit clinical manifestations at an earlier age with a greater risk of
developing adverse outcomes compared with patients with nonfamilial HCM [6]. At a
histological and morphological level this results in myocardial disarray and hypertrophy
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with interstitial fibrosis that further expresses itself into a state of hyperdynamic contraction
and impaired relaxation.

The phenotypic expression is highly variable, ranging from asymptomatic to drug
refractory heart failure (HF) presentation. Sudden cardiac death, even though infrequent
(at approximatively 1% per year), remains the most dreaded complication in HCM, being
caused by ventricular arrythmias due to overactivity secondary to LVOT obstruction,
myocardial ischemia and cardiomyocytes disarray [5]. Constant attempts are being made in
order to obtain a more accurate risk stratification, as patients considered at high risk present
an indication of implantation of a defibrillator as a primary prevention measure [7,8].
Studies have shown that the incidence of ventricular arrythmias declines with age, whereas
the risk for HF and atrial fibrillation increases, with data suggesting that mortality in HCM
patients is predominantly determined by HF and noncardiac death and less commonly by
lethal arrythmias, thus highlighting the need for lifelong surveillance and for age and risk
stratified management [6].

According to American College of Cardiology Foundation/American Heart Asso-
ciation and European Society of Cardiology guidelines septal reduction therapy (SRT)
remains the gold standard practice for the management of patients with HCM refractory to
medical treatment. In spite of the benefits it can provide, it remains an invasive procedure
with associated surgical risks, and it requires the expertise of the operating centre, which
limits its accessibility [7,8]. Additionally, there is a small subgroup of patients that fail to
experience an improvement despite surgical relief of outflow obstruction, as shown by a
study on 503 patients that underwent myomectomy for drug refractory HCM, in which
massive hypertrophy (≥30 mm; p < 0.01) and younger age (40 ± 13 years in nonresponders
vs. 53 ± 14 years in responders; p < 0.001) were found to be the most significant predictors
of nonresponsiveness [9]. Alcohol septal ablation is an alternative in patients in whom
surgery is contraindicated due to comorbidities or advanced age, but it is a procedure that
requires appropriate coronary anatomy, it is associated with greater risk of conduction
block and with a greater need for repeat intervention due to residual gradient [8].

In the context of new data gathering these past years regarding pharmacological
management of HCM as well as the development of a new drug class showing promising
results, this review provides an up-to-date focused synthesis of existing medical treatment
options and future directions.

2. Current Practice and Recent Attempts

Pharmacological therapy is the first line of treatment for patients with HCM. There is
currently no targeted therapy, therefore options are limited to non-specific classes such as
nonvasodilating betablockers, non-dihydropyridine calcium channel blockers and disopy-
ramide as a second line option. These drugs can offer a variable level of symptomatology
reduction, at the cost of possible adverse effects. Moreover, they do not halt disease
progression [10].

In the last decade, there have been multiple attempts to evaluate if various drugs
could be repurposed if proved beneficial in the treatment of HCM (Figure 1).

By modulating myocardial fibrosis, it has been speculated that Spironolactone could
improve left ventricular remodelling. However, a randomised trial conducted by Maron
et al. failed to prove any benefit on serum markers of collagen synthesis or degradation,
cardiac MRI, or clinical and functional parameters [11].

Another molecule known to mediate myocardial hypertrophy and fibrosis is an-
giotensin II, which is why studies have been performed in order to investigate if angiotensin
II receptor blockers (ARBs) could halt morphological disease progression [12,13]. Initial
results from a randomised pilot study that compared administration of Losartan (an ARB)
versus placebo in patients with non-obstructive HCM were encouraging, showing a sig-
nificant difference in the percent change in LV mass (mean change +5% [−4% to +21%]
with placebo vs. −5% [−11% to −0.9%] with Losartan; p = 0.06) and in the extent of
late gadolinium enhancement at MRI (+31% ± 26% with placebo vs. −23% ± 45% with
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Losartan; p = 0.03) [14]. Despite this fact, larger trials failed to prove significant differences
in LV hypertrophy (mean difference 1 g/m2, 95% CI −3 to 6; p = 0.60) irrespective of
obstructive physiology [15], as well as in myocardial performance (mean difference for left
ventricular ejection fraction (LVEF) 0% (95% CI −3% to 4%), p = 0.84, global longitudinal
strain 0.7% (95% CI −0.2% to 1.6%), p = 0.13) or exercise capacity (mean difference −0.3
metabolic equivalents (95% CI −1.0 to 0.3 METS), p = 0.28) [16]. However, the largest to
date randomized, double-blinded, placebo-controlled study that tests if Valsartan could
attenuate disease progression in HCM if administered early is yet to publish its results
(VANISH NCT01912534) [17].
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Ranolazine, a late sodium current inhibitor that reduces intracellular calcium overload,
had shown positive effects on diastolic function and arrhythmic propensity in HCM
cardiomyocytes in vitro and in vivo [18,19]. Nevertheless, benefits could not be translated
into clinical human trials, as shown by Olivetto et al. in a phase II study that evaluated
the Efficacy of Ranolazine in Patients with Symptomatic Hypertrophic Cardiomyopathy
(the RESTYLE-HCM study). No difference between ranolazine and placebo was noted on
exercise performance (median change in peak VO2 of 0.15 ± 3.96 with ranolazine versus
−0.02 ± 4.25 mL/kg per minute with placebo; p = 0.832), plasma brain natriuretic peptide
levels (geometric mean median (interquartile range), −3 pg/mL (−107, 142 pg/mL) in
ranolazine group versus 78 pg/mL (−71, 242 pg/mL) with placebo; p = 0.251), diastolic
function, or quality of life of symptomatic patients with nonobstructive HCM [20]. Another
large randomized trial (LIBERTY-HCM, NCT02291237) designed to assess a molecule of the
same class, Eleclazine, was prematurely ended as preliminary data found it to be ineffective
in patients with symptomatic HCM [21].

Studies have previously suggested that an inefficient deployment of adenosine triphos-
phate (ATP) is present in the myocardium of patients with HCM, as a reduction of the
resting ratio of cardiac phosphocreatin to ATP has been observed in patients with sarcom-
eric mutations. This leads to an increase in myocardial demands for force production,
which furtherly results in cardiac hypertrophy as a compensatory mechanism [22].
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This observation led to the idea of evaluating if drugs that target myocardial metabolism
such as Perhexiline (an oral inhibitor of carnitine palmitoyltransferase I) and Trimetazidine
(a reversible competitive inhibitor of 3-ketoacyl-coenzyme A thiolase) could be a valuable
option for patients with HCM. Despite favorable results from a pre-clinical study [23] and
a phase II trial (METAL-HCM) [24] showing improvement in exercise capacity in patients
treated with Perhexilline, a larger phase multicentric trial (NCT02862600) was prematurely
terminated due to lack of efficacy and a high rate of adverse effects.

A randomized, placebo-controlled study meant to determine the effect of oral therapy
with trimetazidine on exercise capacity in patients with symptomatic nonobstructive HCM
similarly showed no significant differences regarding peak oxygen consumption, the 6-min
walk distance, quality of life, frequency of ventricular ectopic beats, diastolic function,
serum N-terminal pro-brain natriuretic peptide (NT-proBNP) level or troponin T level [25].

Due to the fact that an increase in myofilament calcium (Ca2+) sensitivity has been
shown to be associated to HCM, thus contributing to the impaired relaxation and diastolic
dysfunction, Ca2+ desensitizing agents have submerged as an attractive therapeutic option.
Even more so if we consider that they may also have the potential ability to prevent
arrhythmias in HCM patients [26,27].

Epigallocatechin-3-gallate (EGCg), a major component of green tea, has been repeat-
edly reported to have potential therapeutic benefits in HCM. Studies on animal models
show that it leads to a decrease in myofilament Ca2+ sensitivity [28–30], but further stud-
ies need to be conducted in order to evaluate if this can furtherly be translated into
clinical benefits.

Similarly, Nebivolol is a betablocker that differentiates from the rest of his class due to
its ability to also influence Ca2+ sensitivity as shown through a study on rabbit and human
myocardium, thus making it an agent with potentially two negative inotropy inducing
properties [31]. To investigate if these effects could counteract the characteristic HCM
hypercontractility, Stucker et al. tested the effect of Nebivolol on contractile parameters
of cardiac strips of mouse and human HCM models. Although in HCM mouse strips
Nebivolol induced a myofilament Ca2+ desensitization, this effect was not observed on
human HCM cardiac strips [32].

N-acetylcysteine is an antioxidant that also proved to have a Ca2+ desensitizing
effect, showed promising results in pre-clinical studies, with a reduction in myocardial
oxidative stress and fibrosis as well as a reversal of diastolic dysfunction in mouse models
of HCM [33–35]. Unfortunately, the results did not translate into clinical trials, as it failed
to prove a significant effect on hypertrophy or fibrosis in the HALT-HCM trial [36]. After
the attempts at repurposing pre-existing drugs have failed, attention has been redirected
towards the development of therapies that would target the pathogenic mechanisms
in HCM. The class that has shown results is that of myosin inhibitors, which will be
further discussed.

3. Myosin Inhibitors—Biomolecular Bases

The concept of myosin inhibitors is not a new one, with first mentions in literature
dating from the 1950s [37]. Myosins are ATP-hydrolysing enzymes that convert chemical
energy into mechanical force, using actin as a transport track to produce movement. Their
three-part constitution is designed for force generation, with the head/motor domain
containing the actin and ATP binding sites, the lever arm amplifying structural changes
in the motor domain and the tail being responsible for filament assembly [38,39]. Being
that HCM is a hypercontractile disease caused by mutations predominantly of genes that
encode MHC-β or cMyBP-C that lead to an altered functionality of the protein [3,4], it is
reasonable that attention has been directed towards molecules that would counteract the
hypercontractile state (Figure 2).

Blebbistatin is the first widely researched myosin inhibitor after its discovery in 2001
by Cheung et al. [40] It exercises its effects through binding at the myosin head domain
while in the relaxed state, while it is in a state of low actin affinity. This leads to the
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inhibition of phosphate release after ATP hydrolysis, interrupting the force generator chain
of events [41–43]. The drawbacks in the use of Blebbistatin which lead to abandonment
of the idea is its lack of selectivity, as it presents high affinity to skeletal muscle myosin
II isoforms and intermediate affinity for cardiac and non-muscle myosin II isoforms, as
well as its low potency [44,45]. While with the development of analogues of Blebbistatin
problems like potency, water solubility and photosensitivity have been reduced, the lack of
sensitivity amongst myosin II isoforms remains unsolved [46].
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Figure 2. Myosin inhibitors—mechanisms of action. The chemomechanical cycle of myosin is demonstrated in panels (A–D).
(Panel A): Binding of ATP to myosin head domain produces a decrease in actin affinity thus leading to actin dissociation
(relaxed state). (Panel B): ATP hydrolysis leads to formation of ADP and Pi. (Panel C): Myosin-ADP-Pi complex binds to
actin filaments. (Panel D): Conformational changes prompted by Pi release determine the power stroke, with ADP being
released at the end of this phase and with a start of a new cycle. Mavacamten: (1) inhibits the release of Pi, (2) decreases
the number of myosin head that bind to actin. Blebbistatin: inhibits Pi release after ATP hydrolysis. ADP = adenosine
diphosphate; ATP = adenosine triphosphate; Pi = inorganic phosphate.

The first myosin inhibitor to surpass the in-vitro phase studies was Mavacamten
(formerly known as MYK-461), a molecule yielded after a chemical screening for com-
pounds that would reduce actin-activated ATPase rate. Initial transient kinetic experiments
confirmed that Mavacamten use reduced the rate of phosphate release (the rate-limiting
step in the chemo-mechanical force-generating cycle), thus increasing the relaxed state
of myosin [47]. Kawas et al. have later hypothesized that Mavacamten acts at multiple
stages of the myosin chemo-mechanical cycle, with a secondary mechanism involving the
decrease of the number of myosin-S1 heads that interact with the actin filament during
transition from the weakly to the strongly-bound state [48].

In subsequent in vivo studies when orally administered to normal and HCM mice,
Mavacamten demonstrated a dose-dependent cardiac contractility reduction, without
impairment of skeletal muscle function [47].

In humans it has been proven that MYH7 and MYBPC3 genotype positive patients
present altered myocardial relaxation and a hyperdynamic contractile status even before
LV hypertrophy development [49–51]. Green et al. showed that when administered in
young pre-hypertrophic HCM mice Mavacamten was associated with a lack of progression
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of LV hypertrophy compared to placebo-treated HCM mice. Moreover, they observed that
in older HCM mice it promoted partial regression of hypertrophy [47].

Similarly, in feline HCM models, Mavacamten treatment reduced cardiac contractility,
as evaluated through a decrease in fractional shortening (from 52 ± 3% to 38 ± 7%, p = 0.01)
without affecting heart rate, with a concomitant relief in LVOT obstruction (p = 0.0007) [52].

These encouraging results opened the pathway to the next stage, that of clinical trials.

3.1. Applicability in Obstructive HCM

The first trial in humans designed for proof of concept of utilization of Macavamten
in individuals with obstructive HCM (oHCM) was phase 2 study PIONEER-HCM, with
secondary objectives consisting in characterising pharmacodynamics, pharmacokinetics, as
well as safety and tolerability. It included two cohorts that were monitored-up throughout
14 weeks of treatment, followed by 4 weeks in post treatment. Cohort A, designed for proof
of concept, included patients who were assigned to receive 10 or 15 mg of Mavacamten
daily, according to their body weight (less or over 60 kg, respectively). All betablocker,
calcium channel blocker or disopyramide treatment was stopped with at least 14 days prior
to the first dose of Macavamten. Cohort B included patients with standard betablocker
treatment who received smaller doses of treatment [53].

The results were positive, as after 12 weeks of treatment, a substantial reduction of the
mean post-exercise LVOT gradient was observed in Cohort A (mean change, −89.5 mmHg
(95% CI, − 138.3 to − 40.7 mmHg)), as well as of the resting LVOT gradient (mean change,
−48 mmHg (CI, −72 to −23 mmHg)). The same effects were noted in Cohort B, but with
smaller reductions in post-exercise (mean change, −25.0 mm Hg (CI, −47.1 to −3.0 mmHg);
p = 0.020) and resting LVOT gradient (mean change, −49 mm Hg (CI, −83 to −14 mm Hg);
p = 0.004). Other secondary outcome results included a reduction of the EF by −15% (CI,
−23% to −6%) in Cohort A and −6% (CI, −10% to −1%) in Cohort B, (with complete
reversibility after treatment discontinuation), improvement of symptoms as quantified
through reduction of NYHA class (mean change −0.9 in Cohort A and mean change −1.0 in
Cohort B) and increase in peak oxygen consumption (pVO2)(mean increase +3.5ml/kg/min
in Cohort A and +1.7ml/kg/min in Cohort B).

From a safety profile point of view, Mavacamten was generally well tolerated with
most adverse effects being classified as mild (80%) or moderate (19%). The most frequent
adverse effects were EF reduction and atrial fibrillation [53].

Following the encouraging results from the PIONEER-HCM trial, a larger random-
ized, double-blind placebo-controlled phase 3 trial was conducted to further evaluate
Mavacamten as treatment of symptomatic obstructive hypertrophic cardiomyopathy
(EXPLORER-HCM). Consequently, a total of 251 patients with HCM with a peak LVOT
gradient of >50 mmHg and NYHA class II–III symptoms have been randomly assigned for
treatment with Mavacamten or placebo over a period of 30 weeks. The participants were
subjected every 2 to 4 weeks to evaluations that included blood tests, electrocardiogram
and echocardiography. Noteworthy the fact that discontinuation of betablocker or calcium
channel blocker treatment was not required, therefore the majority of the participants (92%)
were still under treatment with one of these two drug classes during the period of the
study [54].

At the end of the follow up period, the primary endpoint (increase in pVO2 with
>1.5 mL/kg/min and at least one NYHA class reduction or increase in pVO2 of >3 mL/kg/min
without NYHA class worsening) was achieved in 37% of Mavacamten-receiving partici-
pants versus 17% placebo receiving patients (+19.4%, 95% CI 8.7–30.1; p = 0.0005). Moreover,
a complete clinical response defined as downgrading to NYHA I class symptoms or LVOT
gradient <30 mmHg was noted in 27% of participants in the Mavacamten group compared
to 1% in the placebo group [55].

Difference in peak post-exercise LVOT gradient at week 30 compared to baseline was
significantly higher in the Mavacamten group (from 86 mm Hg (95% CI 79.5 to 91.8) to
38 mm Hg (32.3 to 44.0)) than the placebo group (from 84 mm Hg (78.4 to 91.0) to 73 mm Hg
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(67.2 to 79.6)), showing a greater mean reduction by 35.6 mm Hg with Mavacamten (95%
CI −43.2 to −28.1; p < 0.0001).

A drop of the peak LVOT gradient lower than the 50 mmHg limit required for SRT
has been noted in 74% of patient taking Mavacamten compared to 21% in the placebo
group, as well as difference in pVO2 (+1.4 mL/kg/min with Mavacamten group versus
−0.1 mL/kg/min with placebo) [55]. Given that even after SRT benefits regarding im-
provements in pVO2 are limited [56], this objective remains a challenge in the management
of HCM and the question arises however as to if Mavacamten could represent an alternative
to SRT.

From a clinical benefit point of view, 65% of the patients in the Mavacamten group
experienced a downgrading of at least 1 NYHA class compared to 31% in the placebo group,
with an significantly higher improvement of symptoms quantified by the Kansas City
Cardiomyopathy Questionnaire-Clinical Summary Score (KCCQ-CSS) and Hypertrophic
Cardiomyopathy Symptom Questionnaire Shortness-of-Breath (HCMSQ-SoB) subscore
(KCCQ-CCS +9.1, 95% CI 5.5 to 12.7; HCMSQ-SoB −1.8, −2.4 to −1.2; p < 0.0001 for both).
Other associated effects involved the significant drop in serum NT-proBNP and hs-cTNI
levels, important prognostic factors.

The safety profiles and adverse effects rates were similar between the two groups. A
reduction of the EF to <50% was noted in seven patients in the Mavacamten group, with
complete return to baseline EF after discontinuation. There was no significant impact on
blood pressure and heart rate, effects that frequently limit betablocker or calcium channel
inhibitor use [55].

A subsequent substudy targeted the evaluation of structural and functional modi-
fications on cardiac magnetic resonance with Mavacamten. This analysis that included
35 obstructive HCM patients reported a significant reduction in LV mass index in Mava-
camten group compared with placebo (mean between-group difference, −15.8 g/m2

(95% CI, −22.6 to −9.0); p < 0.0001, as well as of the maximum LV wall thickness (mean
between-group difference −2.4 mm (95% CI −3.9, −0.9); p = 0.0079 and of the left atrial
volume index index (mean between-group difference, −10.3 mL/m2 (95% CI, −16.0 to
−4.6); p = 0.0004 [57]. Besides quantifying the anatomic substrate for decreases in LVOT
obstruction and symptoms improvements, these parameters are also known to be associ-
ated with poor prognosis, making the results even more noteworthy [58,59]. At the same
time, myocardial contractile function remained within normal limits and no changes have
been observed regarding myocardial fibrosis. The reduction in LV hypertrophy and left
atrial volume index have been also shown to be corelated with a decrease in myocardial
stress and injury biomarkers [57].

3.2. Applicability in Non-Obstructive HCM

Whereas treatment can be escalated in the case of patients with obstructive HCM, with
septal reduction therapy with or without mitral valve surgery remaining as a last resort,
there are approximately a third of HCM cases that do not present LVOT obstruction [1].
The question remains as to how we treat this category of patients, as treatment options are
limited, targeting mostly the control of the heart rate with the help of betablockers and
non-dihydropyridine calcium channel blockers. Cardiac transplantation is the only next
step available for patients with drug-refractory symptoms [7,8].

Besides the primary mechanism of attenuation of the LVOT obstruction by decreasing
contractility, studies have shown that there are complementary pathways through which
Mavacamten exerts its benefits. There is now mechanistic evidence that Mavacamten can
stabilize the super-relaxed state of β-cardiac myosin, with in vivo studies showing that this
type of myosin modulation leads to diminished impaired ventricular filling and improved
myocardial energetics [48,60,61].

Due to these complementary pathways activated by Mavacamten it has been specu-
lated that it could be beneficial for non-obstructive HCM, which led to the double-blind
placebo-controlled phase 2 study MAVERICK-HCM whose objectives were the evalua-
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tion of the safety, tolerability and dose-dependent effects of Mavacamten in symptomatic
patients with nonobstructive HCM. A total of 59 patients have been enrolled and random-
ized 1:1:1 to receive either Mavacamten for a serum concentration of 200 ng/mL, for a
serum concentration of 500 ng/mL or placebo, with a follow up period of 16 weeks during
treatment administration followed by an 8-week washout period [62].

The study met its primary objective regarding the safety and tolerability, as no sig-
nificant difference has been observed between the rate of serious adverse events in the
Mavacamten groups (10%) compared to placebo (21%). Amongst the serious adverse
events, atrial fibrillation was the most prevalent, both with similar rates between the two
groups at around 5%. Although the overall change in LVEF was minor (−4.1 ± 8.0% in the
pooled Mavacamten group and −2.3 ± 4.9% in the placebo group), drug administration
was discontinued in five participants of the Mavacamten groups due to a decrease in LVEF
to <45%, with recovery of the baseline LVEF between 4–12 weeks after discontinuation.

Secondary outcomes analyses revealed significant decreases in biomarkers associated
with increased wall stress and myocardial injury, biomarkers that have previously proven
to be related to ongoing myocardial fibrosis as well as independent predictors of morbidity
and mortality in HCM patients [58,63,64] (NT-proBNP decrease of 53% versus a decrease of
1% with placebo, and a cTnI decrease of 34% versus a 4% increase in the placebo group) [62].

Even though the study was not designed and powered for clinical benefit assessment,
exploratory analyses included echocardiography parameters of diastolic function (E/e’,
e’ velocity) and a composite functional endpoint (defined as an improvement of at least
1.5 mL/kg/min in pVO2 and a reduction of ≥1 NYHA functional class or an improvement
of ≥3.0 mL/kg/min in pVO2 with no worsening of NYHA functional class). No significant
difference was observed in either of these endpoints.

With these results in mind, a phase 3 follow-on study of Mavacamten in nonobstructive
HCM is yet necessary in order to assess a potential clinical benefit (all studies involving
myosin inhibitors are synthetized in Table 1).

Table 1. Summary of clinical trials involving myosin inhibitors.

Study Type of Study Population/
Intervention

Primary
Endpoint Key Findings

PIONEER-HCM [53] Phase II open-label study

21 symptomatic oHCM:
Cohort A: 10–20 mg

Mavacamten
Cohort B: 2–5 mg

Mavacamten

Post-exercise LVOT gradient

Significant decrease of LVOT
gradient (−89.5 mmHg in Cohort
A and −25.0 mmHg in Cohort B)

Secondary outcomes:
- increase in pVO2

- well tolerated

EXPLORER-HCM [55] Phase III RCT
251 symptomatic
oHCM patients:

Mavacamten vs. Placebo

- Increase in pVO2 with
>1.5 mL/kg/min and at least

one NYHA class reduction
Or

- Increase in pVO2 of
>3 mL/kg/min without
NYHA class worsening

Primary outcome: 37% vs. 17% of
patients (Mavacamten,
respectively placebo)
Secondary outcomes:

- greater reductions in
post-exercise LVOT gradient
- greater increase in pVO2

- improved symptom scores

MAVERICK-HCM [62] Phase II RCT 59 symptomatic non-oHCM
Mavacamten vs. Placebo

Frequency and severity of
adverse events

No significant difference in the
rate of serious adverse events

Secondary outcomes:
- important reduction of

NT-proBNP and cTnI

PIONEER-OLE [65] Phase II open label
extension study

20 (estimated enrollment)
Mavacamten as in
PIONEER- HCM

Frequency and severity of
adverse events up to

260 weeks

Intermediate results at 1 year:
- Persistent decrease in LVOT

gradient, NT-proBNP, IVS
and LAVI

- well tolerated

MAVA-LTE
(NCT03723655)

Phase II and III open label
extension study

310 (estimated enrollment)
Mavacamten as in

EXPLORER-HCM and
MAVERICK-HCM

Frequency and severity of
adverse events up to

252 weeks
Ongoing study

VALOR-HCM
(NCT04349072) Phase III RCT 100 (estimated enrollment):

Mavacamten vs. Placebo

No of subjects who remain
guideline eligible for SRT at

Week 16
Ongoing study

REDWOOD-HCM
(NCT04219826) Phase II RCT 60 (estimated enrollment)

CK-3773274
Incidence of reported

adverse events Ongoing study

IVS = interventricular septum thickness; LAVI = indexed left atrial volume; LVOT = left ventricle outflow tract; oHCM = obstructive
hypertrophic cardiomyopathy; pVO2 = peak oxygen consumption; RCT = randomized controlled trial; SRT = septal reduction therapy.
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4. Discussions and Future Directions

This past decade, we have witnessed tremendous progress regarding the understand-
ing of molecular mechanisms that underlie HCM pathogenesis. This has led to a shift in
perspective towards the pharmacological management, with multiple attempts at moving
away from drug therapies that manage symptoms and complications towards options that
could alter natural history of the cardiac remodelling involved in HCM. After many trial
and error attempts, we finally have a potential hope through the class of myosin inhibitors.

With Mavacamten as a first-in-class agent, we have seen positive effects that suggest a
reversal of structural modifications with improvements in functional capacity, but many
questions remain. Probably the most intriguing aspect that remains to be clarified is where
exactly Mavacamten would fit in our day-to-day practice. With this question in mind, the
authors of the ongoing study VALOR-HCM (NCT04349072) attempt to provide an answer,
as it is as study whose main objective is to assess if treatment with Mavacamten could
reduce the number of SRT procedures as this would majorly impact the current treatment
algorithm of symptomatic obstructive HCM. This study is expected to be completed at the
end of 2024.

At the same time, taking into account that mavamten is a fairly recent addition to our
therapeutic arsenal, its long-term adverse effects and safety profile are being investigated
throughout the MAVA-LTE extension study of Mavacamten-receiving patients that com-
pleted MAVERICK-HCM or EXPLORER-HCM (NCT03723655) as well as the PIONEER-
OLE extension trial of PIONEER-HCM (NCT03496168). Initial one-year results have been
announced for PIONEER-OLE, stating persistent significant improvements in symptoms,
LVOT gradient (at rest: mean 67 ± 42.8 at baseline to 15.3 ± 11.4 at week 48; p = 0.0313),
NT-proBNP (mean 1836 ± 2886 mmHg at baseline to 206 ± 129 at week 48; p = 0.0625) as
well as reductions in interventricular septum thickness (mean from 16.7 ± 2.8 at baseline
to 14.4 ± 2.8 at week 48, p = 0.0313) and indexed left atrial volume (mean 40.9 ± 16.4 to
34.5 ± 7.1, p = 0.0313) [65].

Another aspect is related to the most beneficial timing of administration. Given that
early use of Mavacamten in animal models has also been proven to halt progression of LV
hypertrophy and myocardial fibrosis as well as provide a regression of hypertrophy in older
mice [47], the question arises if it could prevent development of phenotypic expression in
genotype positive patients. This effect is yet to be investigated in humans.

Other molecules of the same class are currently also under investigation. CK-3773274
(CK-274) is a next-generation cardiac myosin inhibitor that was proven in preclinical
models to bind directly to cardiac myosin at a distinct and selective allosteric binding
site in a dose–dependent manner. The multicentric, randomized, double-blind, placebo-
controlled, dose-finding REDWOOD-HCM trial (Randomized Evaluation of Dosing With
CK-274 in Obstructive Outflow Disease in HCM; NCT04219826) announced earlier this
year preliminary reports after completion of Cohort 1 phase with the interim analysis
showing that patients experienced significant reduction in resting and post-Valsalva LVOT
gradients with only modest reductions in LVEF [66].

At the same time, with the favourable results shown by the combination Sacubi-
tril/Valsartan in HF with reduced EF, there are currently studies meant to assess if this
drug combination could improve exercise capacity while being safe and well tolerated in
patient with non-obstructive HCM (NCT04164732). SILICOFCM (NCT03832660) is another
ongoing study meant to evaluate the effect of lifestyle (physical activity and dietary supple-
mentation with inorganic nitrate) and pharmacological (Sacubitril/Valsartan) interventions
in patients with HCM (with focus on functional capacity, clinical phenotypic characteristics
and quality of life).

5. Conclusions

In conclusion, HCM is a complex disease whose pharmacological management re-
mains a challenge for cardiologists, options being currently limited to nonspecific medi-
cation like betablockers or calcium channel inhibitors, with frequent suboptimal results.
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Drugs like Spironolactone and ARBs with aim of antifibrotic effects and reverse-remodeling,
as well as myocardial metabolism modulators and late sodium current inhibitors failed to
prove a benefit in extensive clinical trials. Some other molecules like Ca2+ desensitizers
have yet to be studied in clinical trials. However, with advances in comprehension of
molecular pathogenesis, opportunities for a targeted treatment arise. That is the case of
Mavacamten, first-in-class myosin inhibitor to prove significant results in oHCM with net
reduction in LVOT gradient, cardiac biomarkers, and functional parameters, as well as
structural improvements at echocardiography and MRI. We expect many studies in the
years to come that will try to validate the value of myosin inhibitors and to establish where
they will fit in the HCM treatment algorithm.
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