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myopathy (HCM), matured over the past 6 de-

cades, is that of a common, genetically diverse,
multi-faceted disease. The meticulous understand-
ing of HCM pathophysiology, combined with creative
therapeutic solutions, has allowed us to achieve ex-
cellent outcomes at expert centers, particularly in the
treatment of patients with symptomatic left ventricular
outflow obstruction (LVOTO).! Extended surgical my-
ectomy and alcohol septal ablation (invasive septal
reduction therapies—SRT) have solidly become the
gold standard treatment in this challenging population,
providing symptomatic relief and likely reducing mor-
tality.? Observational literature from expert centers with
high surgical volumes converge on the conclusion that
obstructive HCM (oHCM) outcomes are excellent with
low operative and long-term mortality.>-6 Nevertheless,
many challenges remain ahead and oHCM remains,
under many aspects, an orphan condition.

The modern perception of hypertrophic cardio-

See Viewpoint by Maron et al.

Currently, SRT are largely confined to patients with
oHCM who have advanced symptoms, as defined by

New York Heart Association (NYHA) Class Il or V.7
Increasing evidence suggests that SRT are safe in ex-
perienced centers, allowing consideration for patients
with NYHA Class Il symptoms. However, in a nation-
wide study of 6386 septal myectomies performed in
the United States between 2003 and 2011, 60% of
hospitals performed <10 procedures over the 9-year
period and in-hospital mortality was as high as 15.6%
in the lowest surgical volume tertile.® Even in the high-
est tertile, in-hospital death, need for permanent pac-
ing, stroke, bleeding, and acute renal failure were not
negligible (3.8%, 8.9%, 1.9%, 1.7%, and 9.4%, respec-
tively).8 Worldwide, many patients with oHCM are man-
aged in institutions with limited or no expertise in SRT.

The initial approach to treatment of symptomatic
patients with oHCM includes beta-blockers (BB), non-
dihydropyridine calcium channel blockers (CCB), and
disopyramide.” BB and CCB act as weak negative
inotropes and are often insufficient to control symp-
toms.? In addition, these agents are commonly associ-
ated with side effects and chronotropic incompetence.
Disopyramide is employed as a second-line therapy, is
safe and often effective in expert hands, but its use is
limited by anticholinergic side effects and efficacy may
diminish with time, so that SRTs ultimately become
necessary. Disopyramide also suffers from supply
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shortages and lack of confidence by physicians, many
of whom are reluctant to use class | anti-arrhythmic
agents in structural heart disease. Notably, none of
these time-honored medications have undergone rig-
orous evaluation with large multicenter randomized
clinical trials (Table).®® A recent crossover trial showed
that BB decrease LVOT gradients and improve symp-
toms but without improving peak oxygen consumption
(VO,).?

Importantly, SRTs are effective in palliating symp-
toms and possibly improving longevity in oHCM pa-
tients, but do not address the core mechanisms of
disease at the functional and energetic level. Thus,
the natural evolution of the cardiomyopathic process
is not affected. In a survey-based study of 753 patients
(with a median age at survey of 64 years) undergoing
myectomy, 26% reported new onset of atrial fibrillation
(AF) during follow-up, increasing to 37% among those
followed over 10 years."” As AF is an important marker
of disease progression, and a predictor of adverse out-
come in HCM, this observation challenges the notion
of myectomy as a definitive treatment. This is consis-
tent with data from the SHARE (Sarcomeric Human
Cardiomyopathy Registry) on 4591 patients, showing
a substantial and progressive burden of HCM-related
morbidity in both obstructive (28%) and nonobstruc-
tive patients (including those undergoing SRT) mainly
driven by heart failure and AF.'® Thus, in accepting the
status quo, we accept the lack of effective disease-
modifying strategies for our patients.

The 2020 American College of Cardiology/American
Heart Association HCM guidelines have placed signif-
icant emphasis on shared decision-making in HCM
across multiple domains, including treatment ap-
proaches.” Diversifying treatment strategies is the best
way of empowering patients and promoting personal-
ized care. In the current standard-of-care approach,
it is assumed that all oHCM patients are willing to un-
dergo SRT, have insurance plans that cover them in
seeking care at an experienced center, and are able to
afford the cost of travel for themselves and their family
members, as well as the time off required for recovery
from SRT. Such pre-requisites to getting excellent care
at the few expert centers promote healthcare inequal-
ity by inadvertently excluding patients with lower so-
cioeconomic status, lower education level, those who
cannot advocate for themselves, and patients living
with disabilities.

Over the past 2 decades, the need for more ef-
fective and less invasive therapies combined with ad-
vances in our understanding of HCM pathophysiology
have set the stage for developing new agents targeting
the molecular basis of the disease. HCM-associated
mutations affecting sarcomere protein genes have
been shown to cause myocardial hyper-contractility,
due to excessive availability of myosin heads ready
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to form cross-bridges with actin, with a reduced pro-
portion remaining in the energy-sparing super-relaxed
state not available for engagement. This is thought to
represent the core pathophysiological abnormality ul-
timately generating the HCM phenotypes, from com-
pensatory hypertrophy to diastolic impairment, from
LVOTO to arrhythmias, and from energy depletion to
fibrosis. Inhibiting the myosin ATPase via selective car-
diac myosin inhibitors (CMI) counters this state of things
by reducing the number of myosin heads available for
engagement with resultant return to a normal or quasi-
normal contractile state, relief of LVOT obstruction, de-
crease in wall stress, and improvement in lusitropy.'®
Currently, there are 2 main CMlIs currently in various
stages of development, mavacamten and aficamten.
In a murine model harboring heterozygous pathogenic
mutations in the cardiac myosin heavy chain, chronic
administration of mavacamten suppressed the de-
velopment of ventricular hypertrophy, cardiomyocyte
disarray and myocardial fibrosis, and attenuated hyper-
trophic and profibrotic gene expression.?° These po-
tent and protean effects support a disease-modifying
potential for CMI. The Table summarizes clinical trials
of CMls and the current available therapies for oHCM
and the Figure summarizes the landscape of CMIs with
current and potential future applications.

Several controlled studies have been performed
or are underway with CMI—at a rate unparalleled in
HCM in over 4 decades. The more mature trials to
date have focused on symptomatic patients with
oHCM. Mavacamten, the first-in-class CMI, has been
employed in the phase 2, open label PIONEER-HCM
trial (Pilot Study Evaluating MYK-461 in Subjects with
Symptomatic Hypertrophic Cardiomyopathy and Left
Ventricular Outflow Tract Obstruction). The study in-
cluded 2 oHCM cohorts: cohort A (mavacamten 10—
20 mg/day without background medical therapy) and
cohort B (mavacamten 2-5 mg/day allowing concom-
itant BB administration). Mavacamten was highly ef-
fective in reducing LVOT gradient and improved pVO,,
causing minor decreases in LVEF at higher plasma
concentration.”* These findings led to the phase I
EXPLORER-HCM trial (Clinical Study to Evaluate
Mavacamten [MYK-461] in Adults with Symptomatic
Obstructive Hypertrophic Cardiomyopathy), a random-
ized placebo-controlled 30-week on treatment trial of
mavacamten in 251 patients with oHCM, on the back-
ground of BB and CCB (>90% of subjects).'® The trial
met its primary endpoint in a highly significant fashion:
an improvement in pVO, by 3.0 mL/kg per minute with-
out worsening in NYHA class or improvement of pvO,
by 1.5 mL/kg per minute and at least one NYHA class
reduction was observed in 37% of patients on mava-
camten versus 17% of patients on placebo (P<0.0001).
Mavacamten was generally safe and well tolerated, with
a general adverse event profile comparable to placebo.
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Table. Randomized Trials of Current Available Therapies and CMIs in oHCM
Trial name and NCT Intervention and Number of
Intervention number Design treatment duration | subjects Summary of main findings
Randomized trials of standard of care
Beta blockers Gilligan et al® Double-blind, Nadolol 18 PVO, not statistically different between groups.
and calcium placebo-controlled Verapamil Peak exercise workload was reduced by >10 W
channel crossover trial Placebo in 81% on nadolol and 25% on verapamil as
blockers 4 wk each compared with placebo
Dybro et al'? Double-blind, Metoprolol 29 Resting LVOT gradient on metoprolol was
placebo-controlled Placebo 25 mm Hg (15-58) vs 72 mm Hg (28-87) on
crossover trial 2 wk each placebo. Peak exercise LVOT gradient was
28 mm Hg (18—-40) vs 62 (31-113) on placebo.
During metoprolol treatment, 14% of patients
were in NYHA functional class Ill or higher
compared with 38% of patients receiving
placebo (P<0.01). KCCQ-OSS during metoprolol
treatment was 76.2+16.2 vs 73.8+19.5 on
placebo; P=0.039. Measures of exercise
capacity, peak oxygen consumption, and N-
terminal pro—B-type natriuretic peptide did not
differ between metoprolol and placebo
Disopyramide None
ASA None
Myectomy None
Ventricular PIC trial"! Double-blind, Pacing vs backup 83 Peak LVOT gradient improved from 59+36
pacing randomized pacing to 30+25 mm Hg with active pacing and
with short crossover trial 12 wk each Improvement in NYHA class (2.4-1.7)
Ztrlloventncular- M-Pathy trial™® Double-blind, Pacing vs backup 48 Peak LVOT gradient improved from 82+32 to
elay randomized crossover | pacing 48+32 mm Hg. No improvement in pvVO, or
trial, followed by open- | 12 wk each functional measures in the randomized period
label 6-mo pacing trial
Randomized trials of CMIs
Mavacamten PIONEER-HCM Open-label Mavacamten " Improvement in pVO, (+3.56 mL/kg per min, 95%
Cohort A mavacamten 10-15 mg and Cl 1.2-5.9) and reduction of peak-exercise LVOT
NCT02842242 no background gradient by 90 mm Hg (95% CI —138 to —41).
medical therapy Decreased LVEF occurred in 3 subjects with
12 wk recovery
PIONEER-HCM Open-label Mavacamten 10 Improvement in pVO, (+1.7 mL/kg per min, 95%
Cohort B™ mavacamten in 2-5 mg daily with Cl 0.0-3.3) and reduction of peak-exercise
NCT02842242 patients with NYHA beta blockers LVOT gradient by 25 mm Hg (95% CI -47 to
class -l 12 wk -3.0).
None had decreased LVEF
PIONEER-OLE Open-label Mavacamten 2.5- 12 Ongoing. Data presented in meeting
NCT03496168 mavacamten 15 mg daily proceedings but no peer-reviewed publication
260 wk
EXPLORER-HCM'® Randomized Mavacamten 251 Mavacamten met the co-primary endpoint
NCT03470545 placebo-controlled 2.5-16 mg (improvement in pVO, by 3.0 mL/kg per
double-blind trial in 30 wk min without worsening in NYHA class or
patients with NYHA improvement of pVO, by 1.5 mL/kg per min and
class II-lll at least one NYHA class reduction) in 37% of
patients vs 17% of patients on placebo.
LVEF to <50% in 7 patients and with recovery of
LVEF in all
MAVA-LTE Open-label but with Mavacamten 310 Ongoing. Data presented in meeting
NCT03723655 triple masking of dose | (follows similar proceedings but no peer-reviewed publication
(patients, provider dosing as
and investigator). EXPLORER-
HCM and
MEVERICK-HCM)
252 wk
VALOR-HCM Randomized, double- | Mavacamten 100 Fully enrolled and results expected in 2022
NCT04349072 blind, placebo- 2.5-15mg

controlled trial in

patients referred to SRT

32 wk (primary
outcome at week 16)
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Table. Continued
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Intervention

Trial name and NCT
number

Design

Intervention and
treatment duration

Number of
subjects

Summary of main findings

Aficamten

REDWOOD-HCM
Cohort 1 and 2
NCT04219826

Randomized, double-

blind, placebo-
controlled trial in
patients with NYHA
class II-lll

Aficamten:

Cohort 1 (6-15 mg)
Cohort 2

(10-30 mg)

10 wk

M

Ongoing. Data presented in meeting
proceedings but no peer-reviewed publication

REDWOOD-HCM
Cohort 3
NCT04219826

Open-label aficamten
in patients on
disopyramide in
patients with NYHA
class II-lIl

Aficamten 5-15 mg
10 wk

In active follow up

REDWOOD-OLE Open-label trial Aficamten 54 In active follow up
NCT04848506 5y
SEQUOIA-HCM Randomized, double- | Aficamten 5-20 mg | 270 Has not started enrolling

blind, placebo-
controlled trial in
patients with NYHA
class II-lll

24 wk on treatment

ASA indicates alcohol septal ablation; CMI, cardiac myosin inhibitors; KCCQ-OSS, Kansas City Cardiomyopathy Questionnaire-Overall Summary Score; LVEF,
left ventricular ejection fraction; LVOT, left-ventricular outflow tract; NCT, national clinical trial number; nHCM, non-obstructive hypertrophic cardiomyopathy;
NYHA, New York Heart Association; oHCM, obstructive hypertrophic cardiomyopathy; pvVO,, peak oxygen consumption; SRT, septal reduction therapy; and

TBD, to be determined.

Only one sudden death occurred, in the placebo arm.
A total of 7 patients on mavacamten developed systolic
dysfunction, which was reversible with appropriate
washout.'® The finding of increased incidence of atrial
fibrillation on mavacamten in PIONEER-HCM was not
confirmed in EXPLORER-HCM where atrial fibrillation
incidence as a treatment emergent adverse event was
2% in the mavacamten group as compared with 3%
on placebo.!>1®

The analysis of multiple pre-specified secondary
endpoints in Explorer-HCM demonstrated marked
and consistent improvement in LVOT gradient, symp-
tomatic status and quality of life. Notably, 65% of pa-
tients on mavacamten had improvement by >1 NYHA
class by week 30, as compared with 31% on placebo,
and 50% of patients on mavacamten achieved NYHA
class | as compared with 21% on placebo.'® These
changes were associated with marked and sustained
reduction in circulating levels of N-terminal pro-brain
natriuretic peptide and high sensitivity troponin | in
the active treatment arm. Of note, oHCM patients on
BB treatment receiving mavacamten showed a mod-
est increase in peak VO,, due to the blunted heart
rate response, despite an amelioration in perfor-
mance shown by the consistent improvement in min-
ute ventilation/carbon dioxide production (VE/VCO,)
slope—which is heart rate independent. Post-hoc
analyses are awaited to understand the characteris-
tics and predictors of patients who did not respond to
mavacamten.

Overall, mavacamten was effective, with a number
needed to treat of 2, 3, and 4 at 30 weeks, respec-
tively, for the endpoints of LVOT gradient reduction
<50 mm Hg, improvement in NYHA by >1 class, and
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improvement to NYHA class 1.2 While such proportion
of responders may be seen to compare unfavorably
with published SRT results, it must be emphasized that
patients enrolled in EXPLORER-HCM were not imme-
diate candidates for SRT (operative referral being an
exclusion criterion), and that about two-thirds were in
NYHA class 2, while only the remaining third were in
class 3. In addition, the results of a prospective double-
blind placebo-controlled, randomized trial cannot be
compared with those from retrospective SRT studies,
in view of inherent limitations of the latter. SRTs have
never been formally tested in a rigorous controlled
environment, and likely never will. However, the con-
siderable placebo effect seen in EXPLORER-HCM
serves as an important reminder to use caution when
interpreting observational as compared to controlled
data. Because of these caveats, randomized con-
trolled trials are needed, such as the ongoing VALOR-
HCM trial (A Study to Evaluate Mavacamten in Adults
with Symptomatic Obstructive HCM Who Are Eligible
for Septal Reduction Therapy, NCT04349072), whose
primary aim is precisely that of assessing whether ma-
vacamten may reduce or postpone the need for SRT
(Figure and Table).

Quality of life analysis provided further insight into
the efficacy of mavacamten in EXPLORER-HCM. In a
recently published pre-specified sub-analysis,?® the
change in Kansas City Cardiomyopathy Questionnaire-
Overall Score (KCCQ-OS) at the end of treatment was
greater with mavacamten than placebo (14.9+15.8
versus 5.4+13.7; difference +9.1 [95% Cl 5.5-12.8];
P<0.0001), with similar benefits across all KCCQ-OS
subscales. The proportion of patients with a very
large benefit (KCCQ-OS >20 points) was 36% in the
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Mavacamten ( PIONEER-HCM, PIONEER-OLE,
EXPLORER-HCM, MAVA-LTE (EXPLORER-HCM Cohort))

SO Bt

' Aficamten (REDWOOD-HCM
/" Cohorts 1-3, REDWOOD-OLE,
r SEQUOIA-HCM)

Currently under

Disease-modifying

regulatory review

strategy

- Mavacamten: VALOR-HCM- '::'_:

Hypertrophic NYHA class
Cardiomyopathy nav
0 Mavacamten __' '_
(MAVERICK-HCM, MAVA-LTE v
% MAVERICK-HCM cohort) v
.. Aficamten

(REDWOOD-HCM Cohort IV)

Septal
Apical
Mid-ventricular

Symptomatic
Post-SRT nHCM

CMIs/SRT are contraindicated,
and standard of care therapy
generally not effective.

LVAD/
Transplant /ICD

End-stage
disease

EMBARK-HFpEF

Figure. The landscape of current and future applications of cardiac myosin inhibitors (CMI) for the whole spectrum of
hypertrophic cardiomyopathy.

Currently, the most mature application for CMI is symptomatic oHCM with NYHA class II/lll, where mavacamten is under regulatory
review (green boxes). Other possible future applications of CMIs include disease modifying strategies in asymptomatic individuals (de-
novo and post-SRT), in oHCM who are referred for SRT, and in nHCM with septal, apical, mid-ventricular, and post-SRT phenotypes.
Patients with heart failure with preserved ejection fraction also represent a future target for CMlIs given their mechanism of action.
Finally, in the minority of patients who present or progress to end-stage disease (defined as a left ventricular ejection fraction <50%),
CMls and SRT are contraindicated and/or not beneficial, and standard of care therapies are not typically effective. In these scenarios,
advanced heart failure therapies are required. CMs indicates cardiac myosin inhibitors; G—, genotype negative; G+, genotype positive;
HFpEF, heart failure with preserved ejection fraction; ICD, internal cardioverter defibrillator; LVAD, left ventricular assist device; nHCM,
non-obstructive hypertrophic cardiomyopathy; NYHA, New Yok Heart Association; oHCM, obstructive hypertrophic cardiomyopathy;
P-, phenotype negative; P+, phenotype positive; and SRT, septal reduction therapies.

mavacamten group versus 15% in the placebo group,
with an estimated absolute difference of 21% (95% Cl
8.8-33.4) and a number needed to treat of 5 (95% CI
3-11). Thus, mavacamten markedly improved symp-
toms, physical and social function and quality of life
in patients with oHCM, to a degree surpassing that of
most successful cardiovascular drugs, and resembling
the effects of invasive interventions such as transcath-
eter aortic valve replacement.??

A small EXPLORER-HCM cardiac magnetic reso-
nance sub-study comparing 17 treated patients versus
18 on placebo, showed significant positive remod-
eling over the 30-week trial period, characterized by

decreased left ventricular mass, wall thickness, and
left atrial volume index. In the light of concomitant im-
provement in echocardiographic diastolic function and
circulating biomarkers, these changes can be inter-
preted as beneficial and promising in terms of long-
term evolution of the disease, particularly as they were
not associated with any increase in replacement or
interstitial fibrosis, as measured by late gadolinium en-
hancement imaging and extracellular volume fraction.??
Notably, similar, positive signals have emerged in a
small pilot study in nonobstructive HCM patients, sug-
gesting that the benefits observed in EXPLORER-HCM
are not solely due to the marked reduction in LVOTO,
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but reflect direct effects on the myocardium.?* While
mavacamten is still under review by the United States
Food and Drug Administration for official registration, 2
ongoing 5-year extension studies (NCT03496168 and
NCT03723655) will shed more light on the long-term
safety and efficacy of the drug in HCM patients.
Aficamten is the second CMI undergoing clin-
ical trials: it has a shorter life compared with mava-
camten, achieves steady state within 2 weeks, and
appears to have a wide therapeutic window.?® In the
phase Il randomized placebo-controlled sequential
cohort REDWOOD-HCM (Randomized Evaluation
of Dosing with CK-3773274 in Obstructive Outflow
Disease in HCM) trial, high-dose aficamten (10—-30 mg
daily) had a favorable safety profile and led to 93% re-
sponse rate (defined as a final resting LVOT gradient
<30 mm Hg and Valsalva LVOT gradient <560 mm Hg)
compared with 8% in the placebo arm.”® The ongoing
REDWOOD-HCM Cohort 3 of open-label aficamten
on the background of disopyramide is fully enrolled,
with data expected soon (NCT04219826). Based on
the data from REDWOOD-HCM Cohorts 1 and 2, the
phase Il SEQUOIA-HCM ftrial is set to start enrolling.
The development of ground-breaking, disease-
specific therapies, represent a major opportunity for
HCM patients, in the attempt to improve longevity, min-
imize morbidity, and improve quality of life. However, it
would be wrong to view these novel therapeutic op-
tions as competitors to currently available treatments:
they are just another arrow to our bow. As discussed
earlier, providing more options ultimately means allow-
ing patients the possibility of choosing the therapy that
best suits their needs, values and circumstances. At
the same time, we must be aware that early enthu-
siasms should be tempered by caution until we learn
more about their long-term efficacy and safety, as well
as their cost-effectiveness. Many open questions re-
main regarding CMI, ranging from potential benefits in
non-obstructive HCM, individual variability in response
in different ethnic groups, and their potential in prevent-
ing phenotype development in HCM mutation-carriers.
In the specific case of oHCM, it is early to say if and
how much CMI will impact current practice including
SRT referrals. A hypothetical transition of invasive in-
terventions from a default strategy to a therapy for se-
lected non-responders to CMI might represent a major
advancement, certainly welcomed by patients. Beyond
the laudable goal of improving hemodynamic parame-
ters and symptoms, the Holy Grail lies in the possibility
that CMI may effectively address the core mechanism
of HCM, influence its substrates and prevent its natu-
ral course. Mapping this uncharted territory will require
intense and prolonged efforts. Nevertheless, favorable
clinical evidence is rapidly accumulating with CMI as
well as its functional counterpart omecamtiv mecar-
bil—a myosin activator effective in heart failure with
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reduced ejection fraction.?® With additional trials un-
derway and molecules in development, it is fair to say
that the newborn strategy of myosin modulation is here
to stay in cardiovascular medicine.

ARTICLE INFORMATION

Affiliations

Division of Cardiology, Hypertrophic Cardiomyopathy Center, School of
Medicine, Oregon Health & Science University, Portland, OR (A.M.); and
Cardiomyopathy Unit, Department of Experimental and Clinical Medicine,
University of Florenceltaly, Italy (1.O.).

Disclosures

Masri has received research grants from Pfizer, lonis, Akcea, Ultromics and
the Wheeler Foundation, fees (honoraria or consulting) from Eidos, Pfizer,
lonis, Alnylam, Cytokinetics, Bristol Meier Squibb, Tenaya, and Attralus,
and served or currently serving as Pl on EXPLORER-HCM, PIONEER-
OLE, MAVA-LTE, VALOR-HCM, REDWOOD-HCM, REDWOOD-OLE, and
SEQUOIA-HCM trials. Olivotto has received grants from Bristol Meier Squibb,
Cytokinetics, Amicus, Genzyme, Shire, Bayer, Boston Scientific, Menarini
International, and fees (honoraria or consulting) from Bristol Meier Squibb,
Cytokinetics, Amicus, Genzyme, Shire, Boston Scientific, and served or
currently serving as Pl on EXPLORER-HCM, MAVA-LTE, REDWOOD-HCM,
REDWOOD-OLE, and SEQUOIA-HCM trial.

REFERENCES

1. Maron BJ, Rowin EJ, Casey SA, Link MS, Lesser JR, Chan RH,
Garberich RF, Udelson JE, Maron MS. Hypertrophic cardiomyopathy
in adulthood associated with low cardiovascular mortality with contem-
porary management strategies. J Am Coll Cardiol. 2015;65:1915-1928.
doi: 10.1016/j.jacc.2015.02.061

2. Ball W, Ivanov J, Rakowski H, Wigle ED, Linghorne M, Ralph-Edwards
A, Wiliams WG, Schwartz L, Guttman A, Woo A. Long-term survival
in patients with resting obstructive hypertrophic cardiomyopathy com-
parison of conservative versus invasive treatment. J Am Coll Cardiol.
2011;58:2313-2321. doi: 10.1016/j.jacc.2011.08.040

3. Rastegar H, Boll G, Rowin EJ, Dolan N, Carroll C, Udelson JE, Wang
W, Carpino P, Maron BJ, Maron MS, et al. Results of surgical septal
myectomy for obstructive hypertrophic cardiomyopathy: the Tufts ex-
perience. Ann Cardiothorac Surg. 2017;6:353-363. doi: 10.21037/
acs.2017.07.07

4. Ommen SR, Maron BJ, Olivotto I, Maron MS, Cecchi F, Betocchi S,
Gersh BJ, Ackerman MJ, McCully RB, Dearani JA, et al. Long-term ef-
fects of surgical septal myectomy on survival in patients with obstructive
hypertrophic cardiomyopathy. J Am Coll Cardiol. 2005;46:470-476. doi:
10.1016/j.jacc.2005.02.090

5. Smedira NG, Lytle BW, Lever HM, Rajeswaran J, Krishnaswamy
G, Kaple RK, Dolney DO, Blackstone EH. Current effectiveness and
risks of isolated septal myectomy for hypertrophic obstructive cardio-
myopathy. Ann Thorac Surg. 2008;85:127-133. doi: 10.1016/j.athor
acsur.2007.07.063

6. Parry DJ, Raskin RE, Poynter JA, Ribero IB, Bajona P, Rakowski H, Woo
A, Ralph-Edwards A. Short and medium term outcomes of surgery for
patients with hypertrophic obstructive cardiomyopathy. Ann Thorac
Surg. 2015;99:1213-1219. doi: 10.1016/j.athoracsur.2014.11.020

7. Ommen SR, Mital S, Burke MA, Day SM, Deswal A, Elliott P, Evanovich
LL, Hung J, Joglar JA, Kantor P, et al. 2020 AHA/ACC guideline for the
diagnosis and treatment of patients with hypertrophic cardiomyopathy:
executive summary: a report of the American College of Cardiology/
American Heart Association Joint Committee on Clinical Practice
Guidelines. Circulation. 2020;142:€533-e557. doi: 10.1161/CIR.00000
00000000938

8. Kim LK, Swaminathan RV, Looser P, Minutello RM, Wong SC, Bergman
G, Naidu SS, Gade CLF, Charitakis K, Singh HS, et al. Hospital vol-
ume outcomes after septal myectomy and alcohol septal ablation for
treatment of obstructive hypertrophic cardiomyopathy: US Nationwide


https://doi.org/10.1016/j.jacc.2015.02.061
https://doi.org/10.1016/j.jacc.2011.08.040
https://doi.org/10.21037/acs.2017.07.07
https://doi.org/10.21037/acs.2017.07.07
https://doi.org/10.1016/j.jacc.2005.02.090
https://doi.org/10.1016/j.athoracsur.2007.07.063
https://doi.org/10.1016/j.athoracsur.2007.07.063
https://doi.org/10.1016/j.athoracsur.2014.11.020
https://doi.org/10.1161/CIR.0000000000000938
https://doi.org/10.1161/CIR.0000000000000938

Masri and Olivotto

Inpatient Database, 2003-2011. JAMA Cardiol. 2016;1:324-332. doi:
10.1001/jamacardio.2016.0252

Gilligan DM, Chan WL, Joshi J, Clarke P, Fletcher A, Krikler S, Oakley
CM. A double-blind, placebo-controlled crossover trial of nadolol and
verapamil in mild and moderately symptomatic hypertrophic cardio-
myopathy. J Am Coll Cardiol. 1993;21:1672-1679. doi: 10.1016/0735-
1097(93)90386-F

Maron BJ, Nishimura RA, McKenna WJ, Rakowski H, Josephson
ME, Kieval RS. Assessment of permanent dual-chamber pacing as a
treatment for drug-refractory symptomatic patients with obstructive
hypertrophic cardiomyopathy. A randomized, double-blind, crossover
study (M-PATHY). Circulation. 1999;99:2927-2933. doi: 10.1161/01.
CIR.99.22.2927

Kappenberger L, Linde C, Daubert C, McKenna W, Meisel E, Sadoul N,
Chojnowska L, Guize L, Gras D, Jeanrenaud X, et al. Pacing in hypertro-
phic obstructive cardiomyopathy. A randomized crossover study. PIC
Study Group. Eur Heart J. 1997;18:1249-1256. doi: 10.1093/oxfordjour
nals.eurheartj.a015435

Dybro AM, Rasmussen TB, Nielsen RR, Andersen MJ, Jensen MK,
Poulsen SH. Randomized trial of metoprolol in patients with obstructive
hypertrophic cardiomyopathy. J Am Coll Cardiol. 2021;78:2505-2517.
doi: 10.1016/j.jacc.2021.07.065

Presented at Heart Failure Society of America Scientific Sessions 2021.
Available at:  https://cytokineticsinc.gcs-web.com/news-releases/
news-release-details/cytokinetics-announces-results-redwood-hcm-
and-galactic-hf. Accessed November 27, 2021.

Heitner SB, Lester S, Wang A, Hegde SM, Fang L, Balaratnam G,
Sehnert AJ, Jacoby D. Abstract 13962: precision pharmacolog-
ical treatment for obstructive hypertrophic cardiomyopathy with
mavacamten: one-year results from PIONEER-OLE. Circulation.
2019;140(suppl_1):A13962-A13962.

Heitner SB, Jacoby D, Lester SJ, Owens A, Wang A, Zhang D, Lambing
J, Lee J, Semigran M, Sehnert AJ. Mavacamten treatment for ob-
structive hypertrophic cardiomyopathy: a clinical trial. Ann Intern Med.
2019;170:741-748. doi: 10.7326/M18-3016

Olivotto |, Oreziak A, Barriales-Villa R, Abraham TP, Masri A, Garcia-
Pavia P, Saberi S, Lakdawala NK, Wheeler MT, Owens A, et al.
Mavacamten for treatment of symptomatic obstructive hypertrophic
cardiomyopathy (EXPLORER-HCM): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet. 2020;396:759-769. doi:
10.1016/S0140-6736(20)31792-X

Sun D, Schaff HV, Nishimura RA, Geske JB, Dearani JA, Newman DB,
Ommen SR. Patient-reported atrial fibrillation following septal myec-
tomy for hypertrophic cardiomyopathy. Ann Thorac Surg. 2021:S0003-
4975(21)01722-7. doi: 10.1016/j.athoracsur.2021.08.081

18.

20.

21

22.

23.

24,

25.

26.

CMI in oHCM

Ho CY, Day SM, Ashley EA, Michels M, Pereira AC, Jacoby D, Cirino AL,
Fox JC, Lakdawala NK, Ware JS, et al. Genotype and lifetime burden of
disease in hypertrophic cardiomyopathy: insights from the Sarcomeric
Human Cardiomyopathy Registry (SHaRe). Circulation. 2018;138:1387-
1398. doi: 10.1161/CIRCULATIONAHA.117.033200

Zampieri M, Berteotti M, Ferrantini C, Tassetti L, Gabriele M, Tomberli
B, Castelli G, Cappelli F, Stefano P, Marchionni N, et al. Pathophysiology
and treatment of hypertrophic cardiomyopathy: new perspectives. Curr
Heart Fail Rep. 2021;18:169-179. doi: 10.1007/511897-021-00523-0
Green EM, Wakimoto H, Anderson RL, Evanchik MJ, Gorham JM,
Harrison BC, Henze M, Kawas R, Oslob JD, Rodriguez HM, et al. A
small-molecule inhibitor of sarcomere contractility suppresses hy-
pertrophic cardiomyopathy in mice. Science. 2016;351:617-621. doi:
10.1126/science.aad3456

Semigran M, Wang Y, Xie J, Xu Y, Sutton MB, Desai NR. Abstract
10969: estimated number needed to treat with mavacamten vs placebo
to improve functional capacity and left ventricular outflow tract obstruc-
tion in patients with symptomatic obstructive hypertrophic cardiomy-
opathy. Circulation. 2021;144(suppl_1):A10969-A10969. doi: 10.1161/
circ.144.suppl_1.10969

Spertus JA, Fine JT, Elliott P, Ho CY, Olivotto |, Saberi S, Li W, Dolan C,
Reaney M, Sehnert AJ, et al. Mavacamten for treatment of symptomatic
obstructive hypertrophic cardiomyopathy (EXPLORER-HCM): health sta-
tus analysis of a randomised, double-blind, placebo-controlled, phase 3
trial. Lancet. 2021;397:2467-2475. doi: 10.1016/S0140-6736(21)00763-7
Saberi S, Cardim N, Yamani M, Schulz-Menger J, Li W, Florea V,
Sehnert AJ, Kwong RY, Jerosch-Herold M, Masri A, et al. Mavacamten
favorably impacts cardiac structure in obstructive hypertrophic cardio-
myopathy: EXPLORER-HCM cardiac magnetic resonance substudy
analysis. Circulation. 2021;143:606—-608. doi: 10.1161/CIRCULATIO
NAHA.120.052359

Ho CY, Mealiffe ME, Bach RG, Bhattacharya M, Choudhury L, Edelberg
JM, Hegde SM, Jacoby D, Lakdawala NK, Lester SJ, et al. Evaluation of
mavacamten in symptomatic patients with nonobstructive hypertrophic
cardiomyopathy. J Am Coll Cardiol. 2020;75:2649-2660. doi: 10.1016/j.
jacc.2020.03.064

Chuang C, Collibee S, Ashcraft L, Wang W, Vander Wal M, Wang X,
Hwee DT, Wu Y, Wang J, Chin ER, et al. Discovery of aficamten (CK-
274), a next-generation cardiac myosin inhibitor for the treatment of hy-
pertrophic cardiomyopathy. J Med Chem. 2021;64:14142-14152. doi:
10.1021/acs.jmedchem.1c01290

Teerlink JR, Diaz R, Felker GM, McMurray JJV, Metra M, Solomon
SD, Adams KF, Anand |, Arias-Mendoza A, Biering-Serensen T, et al.
Cardiac myosin activation with omecamtiv mecarbil in systolic heart fail-
ure. N Engl J Med. 2021;384:105-116. doi: 10.1056/NEJMo0a2025797

Response to Masri and Olivotto
Barry J. Maron, MD; Martin S. Maron, MD; Mark V. Sherrid, MD; Ethan J. Rowin, MD

We welcome therapeutic advances that benefit HCM patients. Nevertheless, we do not agree with some argu-

ments presented regarding myosin inhibitors.

The authors have not completely described current management of HCM, the arena mavacamten would build
upon. Surgical myectomy and alcohol ablation are highly effective at reversing heart failure in most obstructive
patients with low risk in expert centers. Performed as a one-time procedure, myectomy eliminates need for long-
term medical therapy, inevitably associated with high cost typical of novel drug treatments. Indeed, the maturation
of myectomy/ablation has been partly responsible for reduced HCM mortality (to only 0.5%/year).

Highly favorable Real world outcome data in thousands of HCM patients over decades does not align with Authors’
assertion that somehow the present “status quo” is unacceptable, fails to “empower patients” or personalize care. Claims
that myosin inhibitor drugs address the “core (molecular) mechanism of disease” is an attractive hypothesis but without
substantiating evidence. Mavacamten actions beyond its negative inotropic gradient reduction are speculative at present.

The EXPLORER-HCM data clearly document that mavacamten can reduce LV outflow gradients. However,
there are two other areas that did not receive proper attention. First, most patients (two-thirds) did not meet the
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Masri and Olivotto CMIin oHCM

short-term pre-defined primary end-point of subjectively improved symptoms and/or modest increases in peak
VO,, suggesting that many of these patients with limited clinical benefit may be (or soon become) potential candi-
dates for myectomy/ablation. Second, risk for systolic dysfunction is understated, odd considering the importance
FDA has already placed on this safety issue. If unrecognized in practice, reduced EF <50% could be associated
with heart failure symptoms, underscoring importance of long-term vigilance with frequent echocardiography.

Myosin-inhibitors will have a role in management of symptomatic obstructive HCM. However, based on our
extensive experience with HCM, prudent perspectives regarding mavacamten (rather than unbridled enthusiasm)
would be in the best interests of patients.
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