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Mavacamten for treatment of symptomatic obstructive
hypertrophic cardiomyopathy (EXPLORER-HCM): health
status analysis of a randomised, double-blind, placebo-
controlled, phase 3 trial

John A Spertus, Jennifer T Fine, Perry Elliott, Carolyn Y Ho, lacopo Olivotto, Sara Saberi, Wanying Li, Chantal Dolan, Matthew Reaney,
Amy J Sehnert, Daniel Jacoby

Summary

Background Improving symptoms is a primary treatment goal in patients with obstructive hypertrophic
cardiomyopathy. Currently available pharmacological options for hypertrophic cardiomyopathy are not disease-
specific and are often inadequate or poorly tolerated. We aimed to assess the effect of mavacamten, a first-in-class
cardiac myosin inhibitor, on patients’ health status—ie, symptoms, physical and social function, and quality of life.

Methods We did a health status analysis of EXPLORER-HCM, a phase 3, double-blind, randomised, placebo-controlled
trial. The study took place at 68 clinical cardiovascular centres in 13 countries. Adult patients (=18 years) with
symptomatic obstructive hypertrophic cardiomyopathy (gradient =50 mm Hg and New York Heart Association
class II-III) were randomly assigned (1:1) to mavacamten or placebo for 30 weeks, followed by an 8-week washout
period. Both patients and staff were masked to study treatment. The primary outcome for this secondary analysis was
the Kansas City Cardiomyopathy Questionnaire (KCCQ), a well validated disease-specific measure of patients’ health
status. It was administered at baseline and weeks 6, 12, 18, 30 (end of treatment), and 38 (end of study). Changes from
baseline to week 30 in KCCQ overall summary (OS) score and all subscales were analysed using mixed model repeated
measures. This study is registered with ClinicalTrials.gov, NCT03470545.

Findings Between May 30, 2018, and July 12, 2019, 429 adults were assessed for eligibility, of whom 251 (59%) were
enrolled and randomly assigned. Of 123 patients randomly assigned to mavacamten, 92 (75%) completed the KCCQ
at baseline and week 30 and of the 128 patients randomly assigned to placebo 88 (69%) completed the KCCQ at
baseline and week 30. At 30 weeks, the change in KCCQ-OS score was greater with mavacamten than placebo (mean
score 14-9 [SD 15-8] vs 5-4 [13-7]; difference +9-1 [95% CI 5-5-12-8]; p<0-0001), with similar benefits across all
KCCQ subscales. The proportion of patients with a very large change (KCCQ-OS =20 points) was 36% (33 of 92) in
the mavacamten group versus 15% (13 of 88) in the placebo group, with an estimated absolute difference of 21%
(95% CI 8-8-33-4) and number needed to treat of five (95% CI 3-11). These gains returned to baseline after treatment
was stopped.

Interpretation Mavacamten markedly improved the health status of patients with symptomatic obstructive
hypertrophic cardiomyopathy compared with placebo, with a low number needed to treat for marked improvement.
Given that the primary goals of treatment are to improve symptoms, physical and social function, and quality of life,
mavacamten represents a new potential strategy for achieving these goals.
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Introduction currently recommended therapies.”* Guideline-recom-

Hypertrophic cardiomyopathy is a primary myocardial
disorder characterised by left ventricular hypertrophy,
hyperdynamic contraction, and impaired relaxation
related to excessive cardiac actin-myosin interac-
tions.! Symptoms include exercise intolerance, fatigue,
shortness of breath, and chest pain,’ which can have
profound effects on peoples’ lives.** The primary goal of
treatment for obstructive hypertrophic cardiomyopathy
focuses on alleviating symptoms, but symptomatic
improvement has not been prospectively studied with any
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mended pharmacological therapy is thus administered
on an empirical basis and includes f blockers or non-
dihydropyridine calcium channel blockers, as well as
disopyramide for individuals refractory to first-line
therapy. These medications were originally developed
for other cardiovascular diseases but can be beneficial
for some patients with obstructive hypertrophic cardio-
myopathy, although their tolerability can be limited by
side-effects and they often do not provide optimal control
of left ventricular outflow tract (LVOT) gradients and
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Research in context

Evidence before this study

Obstructive hypertrophic cardiomyopathy is a primary
myocardial disorder characterised by left ventricular hypertrophy,
hyperdynamic contraction, and impaired relaxation related to
excessive cardiac actin-myosin interactions. A primary goal of
treating patients with obstructive hypertrophic cardiomyopathy
is to improve their health status: their symptoms, physical and
social function, and quality of life. Although there have been no
major advances in the treatment of symptoms or
pathophysiology of obstructive hypertrophic cardiomyopathy in
more than 30 years, mavacamten, a direct myosin inhibitor,

has been shown in the past 3 years to reduce post-exercise left
ventricular outflow tract gradients in the phase 2 PIONEER-HCM
study, which was confirmed in the pivotal EXPLORER-HCM
placebo-controlled, randomised, phase 3 trial. EXPLORER-HCM,
the largest placebo-controlled trial in obstructive hypertrophic
cardiomyopathy to date, showed that treatment with
mavacamten for 30 weeks resulted in a substantially greater
proportion of patients having a 1.5 mL/kg per min or greater
increase in peak oxygen consumption with an improved,
physician-assessed New York Heart Association (NYHA) class,
ora 3 mL/kg per min or greater increase in peak oxygen
consumption without a deterioration in NYHA class. A more
complete understanding of the effects of mavacamten on
patients’ health status from the patients’ perspective is needed.

symptoms. For patients refractory to medical manage-
ment, invasive septal reduction therapy that mechanically
reduces septal obstruction might be an alternative to
ameliorate symptoms, although its effect on quality of
life has not been formally assessed. There is an unmet
need for a safe, effective, and disease-specific non-invasive
therapy for obstructive hypertrophic cardiomyopathy to
improve quality of life and health status.

Clinically significant therapeutic advances in medical
therapy for hypertrophic cardiomyopathy, which directly
address the pathophysiological mechanisms of the
disease, have been absent for more than 30 years.
Against this backdrop, mavacamten, a selective inhibitor
of cardiac myosin, has been developed.”"

The pivotal EXPLORER-HCM, a placebo-controlled,
randomised, phase 3 trial, was the first and largest clinical
study of its kind to prospectively measure patient-reported
outcomes in obstructive hypertrophic cardiomyopathy.
Participants with symptomatic obstructive hypertrophic
cardiomyopathy were randomly assigned to active treat-
ment with mavacamten or placebo for 30 weeks with a
subsequent washout period.”* The primary outcome, a
functional composite of improved peak oxygen consump-
tion (pVO,) and New York Heart Association (NYHA)
class significantly favoured mavacamten compared with
placebo. In this study, we aimed to assess the effect of
mavacamten treatment on patients’ health status (ie,
symptoms, physical and social function, and quality of

Added value of this study

Using the Kansas City Cardiomyopathy Questionnaire (KCCQ),
a validated, reliable, and sensitive measure of patients’ health
status, we found large, clinically important improvements in
the KCCQ overall summary score, and each of its subdomains,
throughout 30 weeks of treatment. Moreover, once treatment
was stopped, there were no longer significant differences in
health status between groups. The benefits were clinically
important, with an estimated absolute difference in the
proportions of patients having a very large clinical benefit with
mavacamten compared with placebo of 21% (95% Cl 8-8-33-4).
These results suggest that for every five patients given
mavacamten, one would have a substantial improvement.

Implications of all the available evidence

Extending the original insights from the EXPLORER-HCM trial,
this study better characterises the health status benefits of
mavacamten and will assist clinicians in describing the potential
benefits of treatment to their patients in improving symptoms,
physical and social function, and quality of life. Moreover,

the regression of these benefits after stopping treatment
underscores the direct role of myosin inhibition in improving
the health status of patients with obstructive hypertrophic
cardiomyopathy.

life) as measured by the Kansas City Cardiomyopathy
Questionnaire (KCCQ).

Methods

Study design and participants

The design of the EXPLORER-HCM trial, a phase 3,
multicentre, randomised, double-blind, placebo-controlled,
parallel-group trial, has been described previously.”
Briefly, the study took place in 68 clinics in 13 countries.
Eligible patients were aged 18 years or older with a
diagnosis of obstructive hypertrophic cardiomyopathy
(unexplained left ventricular hypertrophy with maximal
left ventricular wall thickness of =15 mm [or =13 mm
if familial hypertrophic cardiomyopathy]; peak LVOT
gradient =50 mm Hg at rest, after Valsalva manoeuvre, or
with exercise; left ventricular ejection fraction =55%;
and NYHA class II-III). Participants had to be able to
safely perform upright cardiopulmonary exercise testing.
Key exclusion criteria included a history of syncope
or sustained ventricular tachyarrhythmia with exercise
within 6 months of screening, corrected QT interval
using Fridericia’s formula more than 500 ms, and atrial
fibrillation at the screening examination. Background
B blocker and non-dihydropyridine calcium channel
blocker therapy was permitted if dosing remained
stable for at least 2 weeks before screening and no
changes were anticipated during the study. Dual therapy
or disopyramide was not allowed. The protocol was
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approved by a central or site-specific institutional review
board, as required by the local site, and the study was
done in accordance with the Declaration of Helsinki and
Good Clinical Practice guidelines. All patients provided
written informed consent before any protocol-specific
procedures or study drug administration.

Randomisation and masking

Patients were randomly assigned (1:1) via an interactive
response system to receive once-daily oral mavacamten
(starting dose, 5 mg orally per day with dose increases
at weeks 8 and 14 to 15 mg per day maximum) or
placebo for 30 weeks (end of treatment) followed by an
8-week washout period. The trial was double-blind, and
the principal investigator, site staff including the
pharmacist, and the patient were masked to which
study drug was being administered. In addition, the
sponsor, the central and core laboratories, and clinical
site monitors were masked to assigned treatment.
Mavacamten and matching placebo were identical in
appearance to preserve the masking. Mavacamten or
matching placebo was labelled with a unique identifying
number that was assigned to a patient through the
interactive response system. Both patients and staff
collecting scores were masked to study treatment.
Randomisation was stratified by NYHA class (II or III),
current B blocker use, ergometer type (treadmill or
bicycle), and consent for the cardiovascular MRI
substudy.

Outcomes

Patient-reported health status was measured using the
disease-specific 23-item KCCQ,* which has a recall
period of 2 weeks over which patients describe the
frequency and severity of their symptoms, their physical
and social limitations, and how they perceive their
heart failure symptoms to affect their quality of life. The
KCCQ clinical summary (KCCQ-CS) score, a prespecified
secondary outcome of EXPLORER-HCM, combines the
physical limitation and total symptom scores to mirror
the NYHA class from the patient’s perspective, while the
KCCQ overall summary (KCCQ-OS) score combines the
total symptom, physical and social limitation, and quality
of life scales to provide a more holistic summary of
patients’ health status. Linguistically and culturally
validated translations were used at each site. Scores for
each domain range from 0 to 100, for which 0 represents
the worst symptoms, function, and quality of life and
100 represents the best; scores of 0-24 represent very
poor to poor; 25-49 represent poor to fair; 50-74 represent
fair to good; and 75-100 represent good to excellent
health status. The psychometric properties of the KCCQ
are sufficiently well established that the US Food
and Drug Administration has qualified the KCCQ as a
clinical outcome assessment,”" and a qualitative study of
26 patients has been done to ensure that the concepts of
the KCCQ were understood and relevant to patients with
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obstructive hypertrophic cardiomyopathy to supplement
the limited data of its validity in this population”
(appendix p 2). The KCCQ is independently associated
with mortality, hospital admissions, and costs,** and
changes in the KCCQ-OS score of 5, 10, and 20 points are
associated with clinically important small, moderate to
large, and large to very large changes from both patients’
and providers’ perspectives.”* These changes are also
significantly and independently associated with mortality
and hospital admission rates in patients with heart failure
due to reduced and preserved left ventricular ejection
fraction, regardless of cause, although this finding has
not been explicitly shown in obstructive hypertrophic
cardiomyopathy.?**

In EXPLORER-HCM, the KCCQ was administered
electronically (using a study-specific app via a provisioned
handheld device) before other study procedures at
baseline (before or on the first dose day) and at weeks 6,
12,18, and 30 (end of treatment). It was also administered
at week 38 (end of study), 2 months after stopping study
medication.

Statistical analysis

Data were analysed in the population with KCCQ
available for analysis, which included all randomly
assigned patients who had a baseline KCCQ score and
at least one post-baseline KCCQ score. The KCCQ-CS
was prespecified as a secondary outcome in EXPLORER-
HCM, because this is the scale that the US Food and
Drug Administration’s Center for Drug Evaluation
and Research has qualified as a clinical outcome
assessment.” We prioritised the KCCQ-OS for these
analyses to provide a more complete picture of the
effect of treatment on patients’ disease-specific health
status. All other KCCQ subscales are also reported.
Descriptions of patients’ baseline characteristics were
stratified by treatment group. Changes from baseline
in KCCQ scores were presented in the plots of mean
values with SEs over time, including descriptive
changes in KCCQ scores by categories of changes in
pVO, and among those with a decrease in ejection
fraction to less than 50%. Comparison of those changes
between treatment groups was analysed using a
restricted maximum likelihood-based repeated mea-
sures approach (mixed model repeated measures). This
approach includes fixed effects for treatment group,
visit, baseline KCCQ score, variables used in stratifying
treatment allocation (NYHA class, current treatment
with a B blocker, and planned type of ergometer used
during the study), and interaction between treatment
group and visit. The primary outcome was the change
from baseline to week 30. Finally, we examined the
effect of withdrawing treatment on patients’ health
status, as captured by the KCCQ. This examination was
done by comparing the week 38 (end of washout)
KCCQ scores with those from the end of treatment
(week 30) and at baseline.

See Online for appendix

For translations see https://
www.cvoutcomes.org/licenses
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Mavacamten (n=98*)

Placebo (n=96*)

Age, years 57-8 (12.7) 582 (11.6)
Sex
Women 42 (43%) 34 (35%)
Men 56 (57%) 62 (65%)
Race
White 92 (94%) 87 (91%)
Othert 6 (6%) 9(9%)
Enrolled in the USA 45 (46%) 39 (41%)
Body-mass index, kg/m* 29:9(49) 29-6 (59)
Heart rate, beats per min 62-1(10:5) 62-8 (10-6)
Systolic blood pressure, mm Hg 129-0 (16-1) 1283 (14-7)
Diastolic blood pressure, mm Hg 752 (10-8) 756 (9:7)
Atrial fibrillation 10 (10%) 13 (14%)
Hypertension 51(52%) 43 (45%)
Family history of hypertrophic cardiomyopathy 26 (27%) 25 (26%)
Coronary artery disease 8 (8%) 5(5%)
Hyperlipidaemia 24 (24%) 27 (28%)
Type 2 diabetes 5(5%) 5(5%)
Asthma 13 (13%) 8 (8%)
Chronic obstructive pulmonary disease 2 (2%) 2 (2%)
B blocker use 79 (81%) 69 (72%)
Calcium channel blocker use 16 (16%) 15 (16%)
New York Heart Association functional class Il 70 (71%) 71 (74%)
New York Heart Association functional class Il 28 (29%) 25 (26%)
Implantable cardioverter-defibrillator or pacemaker 22 (22%) 21 (22%)
Septal reduction therapy 8 (8%) 7 (7%)
Resting LVOT gradient, mm Hg 52:6 (29:3) 51-1(307)
Median 521(27-2-71-9) 49-3(25:9-71-7)
Valsalva LVOT gradient, mm Hg 74-2 (31:0) 737 (31-9)
Median 67-1(55-1-94-9) 70-1(50-8-97-6)
Post-exercise LVOT gradient, mm Hg 857 (347) 851 (357)
Median 850 (58-1-105-3) 796 (58-4-114-1)
Resting left ventricular ejection fraction 74-:0% (5-7) 74:4% (5-6)
Maximum left ventricular wall thickness, mm 19-7 (3:6) 20:0(3-3)
pVO,, mL/kg per min 19:30(5-1) 19:91(5-1)
NT-proBNP, geometric mean, ng/L (%CV) 742-7 (135-3) 619-9 (104-6)
High-sensitivity cardiac troponin |, geometric mean, 122 (160-5) 12:6 (399-9)
ng/L (%CV)
KCCQ overall summary score 672 (17-2) 65-7 (19-6)
<25 2(2%) 33%)
25 to <50 13 (13%) 16 (17%)
>50t0 <75 50 (51%) 41 (43%)
275 33 (34%) 36 (38%)
KCCQ clinical summary score 70-9 (16:3) 70-3(19-0)
KCCQ total symptom score 713 (16:6) 692 (21.7)
KCCQ physical limitation score 70-4 (18-4) 715 (19-1)
KCCQ social limitation score 71.8 (21.5) 673 (24-9)
KCCQ quality of life score 55:3(232) 54-8(22:6)

Data are mean (SD), n (%), or median (IQR), unless otherwise indicated. The variation number (%CV) is the coefficient of
variation, which is defined as the ratio of the SD to the mean. KCCQ=Kansas City Cardiomyopathy Questionnaire. LVOT=left
ventricular outflow tract. NT-proBNP=N-terminal pro B-type natriuretic peptide. pVO,=peak oxygen consumption.
*There were 25 participants with missing KCCQ data in the mavacamten group and 32 participants with missing KCCQ data
in the placebo group. tOther included Black or African American, American Indian or Alaska Native, Asian, and unknown.

Table 1: Baseline patient characteristics by treatment group
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To render the population-level differences in KCCQ
scores more clinically interpretable, we also did a
comparison across clinically meaningful ranges of
change in KCCQ scores from baseline to week 30. In
accordance with recommendations from 2020, scores
were categorised into clinically worse (change in score
from baseline to week 30 of -5 points or less), no
significant change (more than -5 to less than 5 points),
small but clinically important improvement (5 to less
than 10 points), moderate to large clinical improvement
(10 to less than 20 points), and large to very large clinical
improvements (20 points or more). The differences in
proportions of each category of change were converted
into the number needed to treat by dividing 1 by the
absolute differences in proportions of patients between
treatment groups.”

Extensive investigation was done to explore potential
biases that could be introduced from the missing data.
These are fully described in the appendix (pp 3-8) and
include: a review of the reasons for missingness
submitted in the protocol deviation listings (32 [45%] of
71 due to administrative error or operational issues);
comparisons of patient characteristics and treatment
responses with and without missing data revealing
minimal differences; pattern-mixture models showing
comparability of other outcomes in those with and
without missing data; and sensitivity analyses examining
the effect of implausibly extreme selection biases
showing no effect on the statistical significance of health
status differences between mavacamten and placebo.
Travel restrictions due to the COVID-19 pandemic were
the primary reason reported for missing the KCCQ
assessment at week 38. Collectively, these analyses do
not provide strong evidence of non-random missing
KCCQ data and therefore the main analyses, including
the comparison of the KCCQ changes between treat-
ment groups, are made on all available data without
imputation. To provide an even more conservative
estimate of the responder analyses, these were repeated
considering all patients with missing data as non-
responders and restricting the analyses to those with the
potential to respond by different clinical magnitudes
(appendix p 12).

All analyses were initially done by WL (MyoKardia)
using SAS, version 9.4. The data and code were then
provided to the Duke Clinical Research Institute
(Durham, NC, USA), where the results were inde-
pendently validated. The first author (JAS) helped
design the analyses and all authors had access to the
data results and the opportunity to request additional
queries. All statistical tests were two-sided without
adjustments for multiplicity. p values less than 0-05
were considered significant. The trial was overseen by
a steering committee, independent data monitoring
committee, and a clinical event adjudication com-
mittee. This study is registered with ClinicalTrials.gov,
NCT03470545.
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Role of the funding source

Co-authors employed by the funder were involved in
study design, statistical analysis, data interpretation,
and review of the manuscript, in collaboration with
academic coauthors.

Results

Between May 30, 2018, and July 12, 2019, 429 adults were
assessed for eligibility, of whom 251 (59%) were enrolled
and randomly assigned. Among the 123 patients
randomly assigned to mavacamten, 92 (75%) completed
both the baseline and 30-week KCCQ, and among
the 128 patients randomly assigned to placebo,
88 (69%) completed both the baseline and 30-week
KCCQ, although higher rates of questionnaire comple-
tion were available at intervening assessments (appendix
p 12). Baseline characteristics of the two groups show
that the treatment groups were well balanced (table 1).
Overall, participants had clinically significant left
ventricular hypertrophy with marked dynamic outflow
obstruction (mean LVOT gradient after exercise) and
moderately impaired health status, as shown in more
detail in table 1. After random assignment, almost
all patients continued their background hypertrophic
cardiomyopathy therapy without any changes or with
minor adjustments (16 patients in the mavacamten
group and ten patients in the placebo group had an
adjustment to their B blocker dose). KCCQ data were
missing for 71 of 251 patients (31 [25%)] of 123 given
mavacamten and 40 [31%] of 128 given placebo) for
the primary comparison of 30-week change in KCCQ
outcomes.

Regarding mean differences in health status by
treatment group, figure 1A, B show the mean changes in
KCCQ-OS and KCCQ-CS scores from baseline over time
(see appendix p 9 for each of the KCCQ domain scores).
These figures show rapid separation of the groups within
the first 6 weeks of treatment, which was sustained
throughout 30 weeks of treatment (p<0-001 for all scales;
p<0-0001 for KCCQ-OS at 30 weeks), followed by a rapid
diminution of these differences with cessation of study
drug. Table 2 shows the least-square mean differences
between treatment groups for the change from baseline
to 30 weeks in KCCQ scores. At 30 weeks, the mean
change from baseline in KCCQ-OS scores was greater
in participants given mavacamten (mean 14-9 [SD 15-8])
than those given placebo (mean 5-4 [13-7]), with a
difference between groups of +9-1 (95% CI 5-5-12-8;
p<0-0001) favouring mavacamten. The subdomains of
the KCCQ show very similar benefits across all domains,
with the numerically largest benefits observed in the
physical limitation domain.

Categories of clinically important thresholds of change
for the KCCQ-OS and KCCQ-CS scores from baseline to
30 weeks are shown in figure 2 and the other scales are
shown in the appendix (p 10). Across all domains of
disease-specific health status, and collectively captured
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Change from baseline in KCCQ
overall summary score

Change from baseline in KCCQ
clinical summary score
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Number of participants Weeks
with non-missing data
per week
Mavacamten 98 89 90 90 92 63
Placebo 96 82 91 93 88 62
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On treatment Off treatment
T Ll 1
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Number of participants
with non-missing data
per week
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Placebo

98
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o
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30 38
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89 90 90 92 63
82 91 93 88 62

Figure 1: Mean change in KCCQ scores from baseline over time by treatment group
Mean change from baseline over time in (A) KCCQ overall summary score and (B) KCCQ clinical summary score.
Error bars are SEs. KCCQ=Kansas City Cardiomyopathy Questionnaire.

Mavacamten (n=92) Placebo (n=88) Least-square mean p value
differences (95% Cl)
Overall summary score 149 (15-8) 5-4(137) 9-1(5-5-12-8) <0-0001
Clinical summary score 13-6 (14-4) 4-2(13-9) 91 (5-5-12-7) <0-0001
Total symptom score 12:4 (15-0) 4-8 (15:9) 77 (3:7-11-5) 0-0002
Physical limitation score 14.7 (17-0) 3:6 (15-4) 106 (6-2-14-8) <0-0001
Social limitation score 135 (22:9) 51(19-2) 9-3 (4-5-14-1) 0-0002
Quality of life score 18-8 (21-6) 83(18-8) 9-6 (47-14'5) 0-0001

Data are mean (SD), unless otherwise indicated. There were 31 participants in the mavacamten group and 40 participants
in the placebo group with missing data for the change of KCCQ score from baseline to week 30. The least-square mean
differences and the p values were based on mixed model repeated measures, which are based on the KCCQ population
(n=98 in mavacamten group and n=96 in placebo group). KCCQ=Kansas City Cardiomyopathy Questionnaire.

Table 2: Least-square mean differences in KCCQ scores from baseline to 30 weeks
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Participants (%)

Participants (%)

100)/
55
50
45
40+
35
30
254
20
15
104

23%
(n=20)

9%
(n 8)

1

32%
(n=28)

20%
(n=18)

18%
(n=17)

10%
(n=9)

s

0%
n 18)

]

17%

(n=16)

Il

15%
(n=13)

1 Mavacamten (n=92)
[ Placebo (n=88)

36%
(n=33)

25%
(n=22)

10%
(n 9)

Categories of clinlcal change in KCCQ overall summary score

31%
(n=27)

21%
(n=19)

17%

14"/

(n=16)

n 16)

16%
(n=15)

13%

36%
(n=33)

(n=11)

ARl B0

Clinicallyworse

1
Large to very large

improvement

Small but
clinically important
improvement

No significant
change

Moderate to Iarge
clinical
improvement

Categories of clinical change in KCCQ clinical summary score

Figure 2: Participants with clinically important changes at 30 weeks

Percentage of participants with clinically important changes in KCCQ overall summary score (A) and KCCQ clinical
summary score (B). Scores were categorised into clinically worse (change in score from baseline to week 30 of

-5 points or less), no significant change (more than -5 to less than 5 points), small but clinically important
improvement (5 to less than 10 points), moderate to large clinical improvement (10 to less than 20 points), and
large to very large clinical improvements (20 points or more). KCCQ=Kansas City Cardiomyopathy Questionnaire.
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by the summary scores, there were marked differences
favouring mavacamten in the proportions of patients
whose health status worsens and those whose health
status substantially improves. Subtracting the differences
in the proportions and converting to number needed to
treat suggests that for every four to ten patients given
mavacamten, as compared with placebo, one patient
would have a large to very large improvement in their
health status (eg, the proportion of patients given
mavacamten who had a very large improvement in
KCCQ-OS [=20 points] was 36% compared with 15% in
the placebo group, resulting in an absolute difference
of 21% and a number needed to treat of around 5
[95% CI 3-11]), with the greatest benefit being in the
physical limitation domain. In addition, for every
four to eight patients given mavacamten, depending on
the KCCQ domain, one patient is less likely to deteriorate
over 30 weeks of treatment as compared with placebo

treatment, with the most marked numerical difference
being in the quality of life domain.

As shown in figure 1, among patients with data
available at weeks 30 and 38, cessation of therapy was
associated with a marked deterioration in KCCQ scores
(mean change in KCCQ-OS of -12-9 [SD 16-1, n=59] for
patients given mavacamten vs —1-3 [9-7, n=58] in the
patients given placebo). Comparing the 38-week scores
with baseline revealed little difference between either
group (KCCQ-OS score —0-1 [SD 16-5] vs 4-5 [12-7];
p=0-084; KCCQ-CS score 1-0 [14-4] vs 3-0[13-2]; p=0-41),
suggesting that with withdrawal of treatment, the
benefits in health status that patients had while on
mavacamten returned to baseline levels.

In the EXPLORER-HCM trial, seven patients had a
reduction in their ejection fractions to less than 50%
during mavacamten treatment. Of these, six patients had
baseline and 30-week KCCQ scores available for analysis,
which revealed similar mean improvements in their
KCCQ scores to the other patients given mavacamten
(mean points for overall summary 18-5[SD 19-2]; clinical
summary 13- 3 [15-2]; physical limitation 11-1 [9-4]; total
symptom 15-5 [23-2]; social limitation 12-8 [28-2]; and
quality of life 34.7 [25-5]). When examining the changes
in pVO, among all study participants by the categories
of clinically significant change predefined in the
EXPLORER-HCM trial, we found the largest improve-
ment in KCCQ-OS score in those with the largest
improvements in pVO, (8:7 [SD 15-0] point improve-
ment in those with a <1.5 mL/kg per min
improvement; 8-9 [14-0] point improvement in those
with a 1-5 to <3 mL/kg per min improvement; and
18-0 [17-2] point improvement in those with a
23-0 mL/kg per min improvement; appendix p 11).

Discussion

A principal goal of treating symptomatic patients with
obstructive hypertrophic cardiomyopathy is to alleviate
their symptoms to improve their function and quality of
life.* The 2020 American Heart Association/American
College of Cardiology professional treatment guidelines
for patients with hypertrophic cardiomyopathy identified
a clear unmet need for novel trial designs and patient-
reported outcome tools to assess the effect of new
therapies on meaningful endpoints, such as quality of
life. Evidence supporting the health status benefits of
alternative therapeutic approaches was limited and the
benefits of direct myosin modulation were not available.”
The EXPLORER-HCM trial showed substantial benefits
of mavacamten treatment in pVO, and clinician-
assigned NYHA status.” This report extends these initial
descriptions of benefit by providing detailed insights into
the benefits of treatment on patients’ self-reported
health status measured by the KCCQ, included as an
a-controlled prespecified secondary endpoint. We found
substantial changes in KCCQ scores in patients given
mavacamten, with the greatest benefits being on the
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physical limitation scale, followed by symptoms, quality
of life, and social limitations, resulting in very large
benefits in the overall health status of patients with
obstructive hypertrophic cardiomyopathy. By extending
the previous analyses to show the distributions of
patients’ health status changes,” we found that for every
five patients given mavacamten, one would be likely to
have a very large improvement in their health status (an
improvement of 220 points at 30 weeks) and one would
Dbe less likely to have a deterioration in their health status
(a reduction of >5 points at 30 weeks), as reflected by the
KCCQ-OS score. These benefits occurred within 6 weeks,
were maintained throughout the duration of therapy, and
returned to baseline levels when treatment was stopped,
supporting the direct benefits of mavacamten on the
health status of patients with symptomatic obstructive
hypertrophic cardiomyopathy.

Understanding patients’ perspectives of the effect of a
disease on their health status (their symptoms, physical
and social function, and quality of life) is an important
outcome of clinical investigation. In heart failure, the
KCCQ is increasingly being accepted as a relevant
outcome for regulatory approval of new treatments,”*
and in 2020 was endorsed as a measure for quantifying
the quality of health care.”® The primary results from
EXPLORER-HCM showed improvements in pVO,,
which were associated with changes in KCCQ scores in
this trial, as well as previously in the HF-ACTION trial.”
Yet, the information between these two assessments is
different, in that the maximal ventilatory threshold for
a patient might not necessarily affect their routine
symptoms, physical and social function, and quality of
life. By providing a richer description of the effect of
mavacamten therapy on the health status of patients,
from their perspectives, important information is now
available to better communicate the potential benefits of
treatment. Importantly, these data are not necessarily
captured by traditional physiological parameters, under-
scoring the importance of directly assessing and
reporting patients’ health status outcomes.

The magnitude of benefit observed with mavacamten
on the KCCQ is closer to that of percutaneous
valvular interventions,** in which the pathophysiological
mechanism of heart failure is also directly addressed,
than it is to other novel therapies for heart failure.**
The improvements with mavacamten in the KCCQ
stand in contrast to tafamidis, the only other medical
therapy approved in the past few years with such a large
benefit in KCCQ scores.” In patients with amyloid heart
disease, tafamidis sustained the health status of patients,
whereas those given placebo deteriorated substan-
tially. By contrast, mavacamten substantially improved
patients’ health status as compared with placebo. Further
strengthening the association between mavacamten
treatment and improvements in patients’ health status
is the unprecedented complete reversal of KCCQ
improvements observed 8 weeks after treatment
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withdrawal. This finding suggests that continuity of
therapy will be important to maximise treatment
benefits. Because of these directly appreciable benefits
of mavacamten for patients with symptomatic obstruc-
tive hypertrophic cardiomyopathy, it will be interesting
to study adherence to mavacamten therapy, as adherence
to other guideline-directed medical therapies for
heart failure is notoriously poor.**

More work is needed to better define longer-term
outcomes and patient characteristics associated with
greater or lesser health status benefits from mavacamten.
To better define outcomes beyond 30 weeks of therapy,
the EXPLORER-HCM trial is being extended with
open-label follow-up for 5 years to better establish
safety and efficacy of treatment over time (MAVA-LTE;
NCT03723655). To better define the heterogeneity of
treatment benefit, future studies should examine which
sociodemographic, clinical, or physiological parameters
are most strongly associated with the health status
benefits of treatment. In particular, more work defining
changes in physiological parameters with changes in
health status in obstructive hypertrophic cardiomyopathy
is needed. For example, the intended reduction in left
ventricular ejection fraction with a direct myosin
inhibitor resulted in some patients having a transient
ejection fraction less than 50%, but the KCCQ benefits
in these patients were still substantial. Such work is
especially relevant given that the 2020 guidelines
emphasise the importance of shared medical decision
making,® and the necessity of being able to explain to
patients how treatment with mavacamten would be
expected to improve their health status.

The findings of this study should be interpreted in the
context of the following potential limitations. First,
28% of randomly assigned patients were missing either
baseline or follow-up KCCQ data, which could have
potentially biased our results. However, extensive analyses
suggested that no observable biases were introduced
by these missing data. Second, EXPLORER-HCM
included patients with haemodynamically significant
and symptomatic obstructive hypertrophic cardio-
myopathy. Whether similar benefits would be observed in
other patient populations, such as those with worse
functional NYHA disease, less severe obstruction, or
patients with non-obstructive hypertrophic cardio-
myopathy, will require additional study.

In conclusion, mavacamten, a novel myosin inhibitor,
is associated with substantial improvements in physical
function, symptom relief, and quality of life in patients
with symptomatic obstructive hypertrophic cardio-
myopathy. In particular, the proportion of patients with
very large (=20 points) improvements in their KCCQ-OS
score was much greater than that of patients randomly
assigned to placebo, suggesting that for every five
patients treated, one will feel substantially better. These
data can support better explanations to patients about
the benefits of treatment and align well with the
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