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BACKGROUND
Mavacamten is approved to treat adults with symptomatic obstructive hypertrophic 
cardiomyopathy (HCM). However, its effects in nonobstructive HCM remain 
uncertain.

METHODS
We conducted a phase 3, international, double-blind, placebo-controlled, clinical 
trial to determine whether mavacamten improves functional capacity and patient-
reported health status among adults with symptomatic nonobstructive HCM. Pa-
tients were randomly assigned in a 1:1 ratio to receive mavacamten (starting at 5 mg 
per day and adjusted up to a maximum of 15 mg per day on the basis of left ven-
tricular ejection fraction) or placebo (with sham dose adjustment) for 48 weeks. The 
two primary end points were the change from baseline to week 48 in peak oxygen 
uptake and in the 23-item Kansas City Cardiomyopathy Questionnaire clinical sum-
mary score (KCCQ-CSS; scores range from 0 to 100, with higher scores indicating 
better health status).

RESULTS
We randomly assigned 289 patients to receive mavacamten and 291 to receive placebo. 
The mean (±SD) age of the patients was 56±15 years, and 46% were women. From 
baseline to week 48, the least-squares mean change in peak oxygen uptake was 
0.52 ml per kilogram of body weight per minute (95% confidence interval [CI], 0.09 
to 0.95) in the mavacamten group and 0.05 ml per kilogram per minute (95% CI, 
−0.38 to 0.47) in the placebo group (between-group difference, 0.47 ml per kilogram 
per minute; 95% CI, −0.03 to 0.98; P = 0.07). The least-squares mean change in the 
KCCQ-CSS was 13.1 points (95% CI, 10.7 to 15.5) in the mavacamten group and 
10.4 points (95% CI, 8.0 to 12.8) in the placebo group (between-group difference, 2.7 
points; 95% CI, −0.1 to 5.6; P = 0.06). Reductions in ejection fraction and interrup-
tions in the trial regimen were more common with mavacamten than with placebo.

CONCLUSIONS
Among patients with nonobstructive HCM, mavacamten did not result in a signifi-
cantly greater improvement in peak oxygen uptake or decrease in symptoms than 
placebo. (Funded by Bristol Myers Squibb; ODYSSEY-HCM ClinicalTrials.gov number, 
NCT05582395.)
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Hypertrophic cardiomyopathy (HCM) 
is a complex, often inherited myocar-
dial disease with an estimated prevalence 

between 1 in 200 and 1 in 500 persons, with 
varying phenotypic characteristics. Dynamic left 
ventricular outflow tract obstruction is present in 
approximately 50 to 70% of patients and causes 
lifestyle-limiting symptoms.1-3 Patients without left 
ventricular outf low tract obstruction may also 
have severe symptoms due to a combination of 
factors including a small hypercontractile left 
ventricular cavity, sometimes with midcavitary 
obstruction; a low stroke volume (the volume of 
blood pumped from the ventricle during each 
cardiac cycle); diastolic dysfunction; microvascu-
lar ischemia; pulmonary hypertension; arrhyth-
mias; and chronotropic incompetence. Currently, 
there are no approved medical therapies for symp-
tomatic nonobstructive HCM, and frequently used 
off-label pharmacotherapies, including diuretic 
agents, beta-blockers, verapamil, or diltiazem, have 
limited efficacy as well as side effects.4,5 A previ-
ous study showed mixed results with ranolazine 
in patients with symptomatic HCM.6 Accordingly, 
there is an unmet medical need for safe and 
more-effective treatments for patients with symp-
tomatic nonobstructive HCM that increase func-
tional capacity, reduce symptoms, and improve 
quality of life.1,3

In studies involving patients with symptomatic 
obstructive HCM, mavacamten decreased outflow 
tract obstruction, improved quality of life, reduced 
symptom burden, increased exercise capacity, and 
reduced eligibility for septal reduction therapy 
with favorable effects on short- and long-term 
cardiac remodeling.7-19 On the basis of these find-
ings, mavacamten is approved in multiple coun-
tries to treat adult patients with obstructive HCM 
who remain symptomatic despite treatment with 
beta-blockers or calcium-channel blockers. Mava-
camten also has a class I recommendation for 
treatment of HCM in U.S. practice guidelines and 
a class IIa recommendation in European practice 
guidelines.1,3 A small, phase 2, placebo-controlled 
trial involving patients with nonobstructive HCM 
showed improvements in N-terminal pro–B-type 
natriuretic peptide (NT-proBNP) and troponin I 
levels with mavacamten.20 We conducted a phase 
3 trial (ODYSSEY-HCM) to assess whether mava-
camten improves functional capacity and patient-
reported health status in adult patients with symp-
tomatic nonobstructive HCM.

Me thods

Trial Organization and Oversight

This phase 3, double-blind, multicenter, parallel-
group, randomized, placebo-controlled trial en-
rolled patients at 201 HCM referral centers in 
22 countries from December 2022 through March 
2024. The representativeness of the patient popu-
lation is described in Table S1 in the Supplemen-
tary Appendix (available with the full text of this 
article at NEJM.org). The trial protocol, available 
at NEJM.org, was approved by an ethics commit-
tee at each participating site. The trial was con-
ducted in accordance with the principles of the 
Declaration of Helsinki, and written informed 
consent was provided by all the patients before any 
trial procedure.

The trial was sponsored by Bristol Myers 
Squibb and designed in collaboration with the 
Cleveland Clinic Coordinating Center for Clini-
cal Research and an academic executive commit-
tee. The sponsor participated in the collection, 
analysis, and interpretation of the data. An inde-
pendent data monitoring committee reviewed 
unblinded safety and efficacy data during the 
trial. Echocardiography data were analyzed by an 
imaging core laboratory at the Cleveland Clinic. 
The Cardiovascular and Metabolic Disease Re-
search Institute was the core laboratory for analy-
sis of data from cardiopulmonary exercise tests. 
The staff at both core laboratories and all trial 
personnel remained unaware of trial-group as-
signments and results of analyses until the data-
base lock. Additional details of the trial protocol 
and trial organization have been published pre-
viously.21 The first draft of the manuscript was 
written by the first author with input from coau-
thors, and the final version was approved by all 
the authors. Employees of the sponsor reviewed 
the manuscript and made suggestions, but the 
final decision on content was reserved for the 
first author, who vouches for the accuracy and 
completeness of the data and for the fidelity of the 
trial to the protocol and statistical analysis plan.

Trial Design

The trial enrolled symptomatic patients who met 
established diagnostic criteria for nonobstructive 
HCM.1,3 Full inclusion and exclusion criteria are 
provided in the Supplementary Appendix. Patients 
were at least 18 years of age and had a peak left 
ventricular outf low tract gradient of less than 
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30 mm Hg at rest and less than 50 mm Hg during 
provocation, New York Heart Association (NYHA) 
functional class II or III heart failure, a score of 
85 or lower on the 23-item Kansas City Cardio-
myopathy Questionnaire clinical summary score 
(KCCQ-CSS; scores range from 0 to 100, with 
higher scores indicating fewer symptoms and 
better physical functioning), a left ventricular 
ejection fraction of at least 60% as measured by 
transthoracic echocardiography and assessed by 
the core laboratory, a respiratory exchange ratio 
of at least 1.0 during cardiopulmonary exercise 
testing, and a locally assessed NT-proBNP level 
above the upper limits of the normal range ac-
cording to race, body-mass index, and the pres-
ence of atrial arrhythmias. Patients could be 
enrolled if they had left ventricular midcavitary 
obstruction in the absence of left ventricular out-
flow tract obstruction.

Mavacamten was added to usual-care back-
ground treatments, which could be continued for 
the duration of the trial. Patients were required 
to be clinically stable and could not initiate, dis-
continue, or adjust the dose of new cardiac medi-
cations within 2 weeks before screening and up 
to the day of randomization. Eligible patients 
were randomly assigned in a 1:1 ratio to receive 
mavacamten or placebo once daily for 48 weeks 
(Fig. S1). Randomization was stratified accord-
ing to NYHA class (II or III), type of exercise 
testing (treadmill or exercise bicycle), and treat-
ment with beta-blockers (yes or no) at baseline. The 
starting dose of mavacamten was 5 mg with the 
possibility of decreasing the dose at weeks 5 and 9 
or increasing the dose at weeks 12, 24, and 36 on 
the basis of the left ventricular ejection fraction, 
which was analyzed in a blinded fashion by the 
core laboratory, typically within 1 to 2 business 
days after the echocardiogram was obtained. The 
possible doses were 1 mg, 2.5 mg, 5 mg, 10 mg, 
or 15 mg. Sham dose adjustment was performed 
for patients assigned to the placebo group. Full 
details are described in the protocol.21

Patients underwent echocardiography and 
cardiopulmonary exercise testing, and studies 
were analyzed at the respective core laboratories. 
Patient-reported health status was recorded dur-
ing trial visits. Site investigators were instructed 
to interrupt the trial regimen for at least 4 weeks 
if the left ventricular ejection fraction was less 
than 50%. If the left ventricular ejection fraction 
increased to 50% or higher, patients resumed the 

trial regimen at the next dose below the dose that 
had been interrupted (patients who had been re-
ceiving the 1-mg dose resumed the same dose). If 
the trial regimen was interrupted twice on the 
basis of a left ventricular ejection fraction of less 
than 50% while the patient was receiving a 1-mg 
dose of mavacamten or placebo, then the regi-
men was permanently discontinued. Discontinu-
ation of the regimen was required if a left ven-
tricular ejection fraction of 30% or lower was 
reported either at the site or by the core labora-
tory. Additional criteria for discontinuation of the 
trial regimen are outlined in the trial protocol.21

End Points

The two primary end points were the change 
from baseline to week 48 in peak oxygen con-
sumption as determined by cardiopulmonary ex-
ercise testing and the change from baseline to 
week 48 in the KCCQ-CSS. The trial was designed 
such that the effect of treatment with mavacam-
ten would be considered favorable if the results 
for at least one primary end point were statisti-
cally significant after adjustment for multiplici-
ty. Secondary end points included changes from 
baseline to week 48 in the slope of minute ven-
tilation divided by carbon dioxide production, 
NT-proBNP level, score on the shortness-of-
breath domain of the Hypertrophic Cardiomyop-
athy Symptom Questionnaire (HCMSQ, a disease-
specific instrument developed to assess symptom 
burden in patients with HCM; shortness-of-breath 
scores range from 0 to 18, with higher scores 
indicating more frequent shortness of breath), 
and an improvement from baseline to week 48 of 
at least one NYHA class.

Statistical Analysis

The sample size was estimated on the basis of 
the MAVERICK-HCM (Mavacamten in Adults with 
Symptomatic Non-Obstructive Hypertrophic Car-
diomyopathy) trial,20 under the assumption of a 
between-group difference (mavacamten vs. pla-
cebo) in the change from baseline to week 48 in 
mean peak oxygen uptake of at least 1.3 ml per 
kilogram of body weight per minute with a com-
mon standard deviation of 3.1 and in mean KCCQ-
CSS of at least 5 points with a common standard 
deviation of 14. We estimated that a sample size of 
420 patients would provide 95% power to reject the 
primary null hypothesis for KCCQ-CSS and 98% 
power for peak oxygen uptake.
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All efficacy analyses were performed in the 
randomized population. Continuous outcomes 
were analyzed with the use of an analysis of 
covariance model, with trial group, stratification 
factors (NYHA class, type of exercise testing, 
and treatment with beta-blockers), and baseline 
value as covariates. The estimated least-squares 
mean between-group difference in change from 
baseline to week 48 and corresponding 95% 
two-sided confidence intervals were calculated. 
The estimands followed the treatment-policy ap-
proach, in which available end-point data were 
used regardless of discontinuation of the trial 
regimen. The number of patients with missing 
values for each end point are provided in Table 
S2, and the detailed imputation strategy for each 
end point is provided in the statistical analysis 
plan (available with the protocol), with additional 
details provided in the Supplementary Appendix. 
Multiplicity testing was conducted with the use 
of a graphical testing approach to control the 
overall type I error rate at 0.05. The initial step 
allocated an alpha level of 0.04 to the KCCQ-CSS 
end point and an alpha level of 0.01 to the peak 
oxygen uptake end point. Alpha allocation there-
after is described in Figures S2 and S3. Additional 
details are provided in the statistical analysis plan. 
Statistical analyses were performed with the use 
of SAS software, version 9.4, or R software.

R esult s

Patients

A total of 1043 patients were screened, and 580 
underwent randomization (289 were assigned to 
mavacamten and 291 to placebo), with 569 
(98.1%) completing the double-blind treatment 
period. The characteristics of the patients at 
baseline are summarized in Table 1 and Table S3 
and have been described previously.21 The mean 
(±SD) age of the patients was 56±15 years, 46% 
were women, and the mean body-mass index 
(the weight in kilograms divided by the square 
of the height in meters) was 28.2±5.0. The mean 
time from the initial HCM diagnosis to random-
ization was 10.3±9.3 years, 251 patients (43.3%) 
had a family history of HCM, 34 (5.9%) had a his-
tory of septal reduction therapy, and 453 (78.1%) 
were receiving beta-blockers. Among the patients 
who underwent randomization, 405 (69.8%) were 
classified by the investigators as having NYHA 
functional class II and 175 (30.2%) as having 

NYHA functional class III. The mean KCCQ-CSS 
was 56.9±19.9.

The mean echocardiographic left ventricular 
ejection fraction was 65.8±4.0%. The mean left 
ventricular mass index was 122.3±30.8 kg per 
square meter, left atrial volume index was 
43.5±15.7 ml per square meter, and ratio of the 
peak early mitral inflow velocity to the peak early 
diastolic mitral annular velocity was 13.3±5.5. 
With respect to cardiopulmonary exercise testing, 
312 patients (53.8%) underwent bicycle ergome-
try testing and 268 (46.2%) underwent treadmill 
testing. The mean peak oxygen uptake was 
18.2±5.7 ml per kilogram per minute (67.8±21.7% 
of the predicted value). The median NT-proBNP 
level was 917.5 ng per liter (interquartile range, 
463.0 to 1725.0), and the median high-sensitivity 
troponin T level was 18.4 ng per liter (interquar-
tile range, 12.4 to 27.0). Among the patients as-
signed to the mavacamten group, the final dose 
distribution at week 48 was 1 mg in 9 patients 
(3.1%), 2.5 mg in 18 (6.2%), 5 mg in 89 (30.8%), 
10 mg in 80 (27.7%), and 15 mg in 62 (21.5%).

Primary Efficacy Analysis

The least-squares mean change from baseline to 
week 48 in peak oxygen uptake was 0.52 ml per 
kilogram per minute (95% CI, 0.09 to 0.95) in 
the mavacamten group and 0.05 ml per kilogram 
per minute (95% CI, −0.38 to 0.47) in the placebo 
group. The difference between groups in peak 
oxygen uptake was 0.47 ml per kilogram per min-
ute (95% CI, −0.03 to 0.98; P = 0.07). The least-
squares mean change from baseline to week 48 
in the KCCQ-CSS was 13.1 points (95% confi-
dence interval [CI], 10.7 to 15.5) in the mava-
camten group and 10.4 points (95% CI, 8.0 to 
12.8) in the placebo group. The difference be-
tween groups in the KCCQ-CSS was 2.7 points 
(95% CI, −0.1 to 5.6; P = 0.06). The results of the 
primary and secondary efficacy end points are 
shown in Table 2, Table S4, Figures 1 and 2, and 
Figure S4. Prespecified subgroup analyses are 
shown in Figure S5.

Safety

The trial regimen was interrupted in 74 patients 
(25.7%) assigned to mavacamten and in 22 (7.6%) 
assigned to placebo. A total of 48 patients (8.3%) 
discontinued the assigned regimen permanently, 
31 (10.7%) in the mavacamten group and 17 (5.8%) 
in the placebo group. Investigator-reported adverse 
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Mavacamten 

(N = 289)
Placebo 
(N = 291)

Age — yr 56.4±14.7 55.7±14.4

Male sex — no. (%) 148 (51.2) 166 (57.0)

Race or ethnic group — no. (%)†

White 195 (67.5) 205 (70.4)

Black 11 (3.8) 14 (4.8)

Asian 51 (17.6) 39 (13.4)

Other 32 (11.1) 33 (11.3)

Hispanic 40 (13.8) 42 (14.4)

Body-mass index‡ 27.9±4.9 28.6±5.2

Duration of nonobstructive HCM — yr 10.1±9.0 10.5±9.5

Family history of HCM — no. (%) 116 (40.1) 135 (46.4)

Family history of sudden cardiac death — no. (%) 46 (15.9) 38 (13.1)

New York Heart Association functional class — no. (%)

II 203 (70.2) 202 (69.4)

III 86 (29.8) 89 (30.6)

Type of exercise testing — no. (%)

Treadmill 139 (48.1) 129 (44.3)

Exercise bicycle 150 (51.9) 162 (55.7)

History of atrial fibrillation — no. (%) 97 (33.6) 83 (28.5)

History of hypertension — no. (%) 133 (46.0) 127 (43.6)

History of septal reduction therapy — no. (%)§ 16 (5.5) 18 (6.2)

History of coronary artery disease — no. (%) 24 (8.3) 16 (5.5)

Background HCM therapy — no. (%)

Beta-blocker 227 (78.5) 226 (77.7)

Calcium-channel blocker 34 (11.8) 36 (12.4)

Disopyramide 9 (3.1) 8 (2.7)

Echocardiographic factors

Left ventricular ejection fraction — % 65.8±4.0 65.7±4.0

Left atrial volume index — ml/m2 43.7±16.9 43.2±14.5

Maximum left ventricular wall thickness — mm 21.0±4.3 20.7±3.9

Ratio of peak early mitral inflow velocity to peak early diastolic mitral 
annular velocity

13.1±5.7 13.5±5.4

Peak oxygen uptake — ml/kg/min 18.4±5.9 17.9±5.5

Predicted peak oxygen uptake — % 69.0±20.6 66.7±22.7

Slope of minute ventilation divided by carbon dioxide production 36.8±8.6 37.1±8.6

Kansas City Cardiomyopathy Questionnaire clinical summary score¶ 56.3±20.7 57.5±19.1

HCMSQ shortness-of-breath score‖ 6.0±3.2 5.6±3.2

*	�Plus–minus values are means ±SD. HCM denotes hypertrophic cardiomyopathy, and HCMSQ Hypertrophic 
Cardiomyopathy Symptom Questionnaire.

†	�Race and ethnic group were reported by the patient. Collection of ethnic-group information was not allowed in all countries.
‡	�Body-mass index is the weight in kilograms divided by the square of the height in meters.
§	� Patients who underwent myectomy or alcohol septal ablation were reported as having a history of septal reduction 

therapy.
¶	�Scores range from 0 to 100, with higher scores indicating fewer symptoms and better physical functioning.
‖	�Scores range from 0 to 18, with higher scores indicating more frequent shortness of breath.

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at CNIC -F.C.Nac.Inv.Cardiovasculares Carlos III on December 16, 2025. 

 Copyright © 2025 Massachusetts Medical Society. All rights reserved, including those for text and data mining, AI training, and similar technologies.



n engl j med 393;10  nejm.org  September 11, 2025966

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

events and other safety data are shown in Ta-
ble 3 and Table S5. A total of 42 patients (14.6%) 
in the mavacamten group and 15 (5.2%) in the 
placebo group had adverse events that occurred 
during treatment and resulted in interruption of 
the regimen, and 15 patients (5.2%) and 8 pa-
tients (2.8%), respectively, had adverse events that 
resulted in permanent discontinuation of the 
regimen. Serious adverse events involving con-
gestive heart failure and atrial tachyarrhythmias 
(fibrillation or f lutter) occurred in 19 patients 
(6.6%) and 12 patients (4.2%), respectively, in the 

mavacamten group and in 5 patients (1.7%) and 
10 patients (3.4%), respectively, in the placebo 
group.

A left ventricular ejection fraction of less than 
50% occurred in 62 patients (21.5%) assigned to 
receive mavacamten and 5 patients (1.7%) assigned 
to receive placebo, whereas a left ventricular ejec-
tion fraction of 30% or lower was observed in 
7 patients (2.4%) in the mavacamten group and 
none in the placebo group. During the placebo-
controlled period, the left ventricular ejection frac-
tion returned to 50% or higher after interruption 

Table 2. Primary and Secondary Efficacy End Points at Week 48 in the Randomized Population.

End Point
Mavacamten 

(N = 289)
Placebo 
(N = 291)

Difference 
(95% CI)*

Primary efficacy end points†

Change in peak oxygen uptake — ml/kg/min§

Least-squares mean (95% CI) 0.52 (0.09 to 0.95) 0.05 (−0.38 to 0.47) 0.47 (−0.03 to 0.98)‡

Change in KCCQ-CSS

Least-squares mean (95% CI) 13.1 (10.7 to 15.5) 10.4 (8.0 to 12.8) 2.7 (−0.1 to 5.6)‡

Secondary efficacy end points

Change in the slope of minute ventilation divided by carbon  
dioxide production¶

Least-squares mean (95% CI) −0.64 (−1.84 to 0.55) 0.16 (−1.02 to 1.34) −0.81 (−2.21 to 0.60)

Change in NT-proBNP level‖

Geometric mean ratio of level at wk 48 to level at baseline  
(% coefficient of variation)

0.42 (5.84) 1.02 (5.66) 0.41 (0.36 to 0.47)

95% CI 0.37 to 0.47 0.91 to 1.13

Improvement of at least one NYHA functional class level

No. of patients (%) 105 (36.3) 92 (31.6) 5.0 (−2.3 to 12.2)**

Change in HCMSQ shortness-of-breath score

Least-squares mean (95% CI) −1.8 (−2.2 to −1.4) −1.1 (−1.5 to −0.7) −0.7 (−1.2 to −0.2)

*	� Values are the between-group difference in least-squares means for all end points except for change in N-terminal pro–B-type natriuretic 
peptide (NT-proBNP) level, which is shown as the geometric mean ratio of the mavacamten group as compared with the placebo group, 
and improvement of at least one New York Heart Association (NYHA) functional class level, which is shown as the risk difference.

†	� Missing values for the two primary efficacy end points at week 48 were imputed with the use of the multiple imputation approach 
outlined in the statistical analysis plan and in the Supplementary Appendix. The estimated least-squares means and differences with 
95% confidence intervals were derived from an analysis of covariance model, with trial group, stratification factors (NYHA class [II or 
III], type of exercise testing [treadmill or exercise bicycle], and treatment with beta-blockers [yes or no] at baseline), and baseline value as 
covariates.

‡	� P = 0.06 for the change in the 23-item Kansas City Cardiomyopathy Questionnaire clinical summary score (KCCQ-CSS) and P = 0.07 for the 
change in peak oxygen uptake. To show statistical significance, a P value of less than 0.04 was required for the change in KCCQ-CSS and a 
P value of less than 0.01 was required for peak oxygen uptake. Neither objective was met, and the graphical testing plan was stopped. No 
further P values are provided. The graphical testing plan is shown in Figure S2.

§	� Peak oxygen uptake was measured during cardiopulmonary exercise testing, and higher numbers represent better functional capacity.
¶	� The slope of minute ventilation divided by carbon dioxide production is a measure of ventilatory efficiency. A higher slope value indicates 

poorer outcomes.
‖	� NT-proBNP level has a right-skewed distribution and is summarized with the use of the ratio of the geometric mean at week 48 to the 

geometric mean at baseline. Values above 1.0 indicate an increase from baseline, and values below 1.0 indicate a decrease from baseline. 
Elevated levels indicate a worsening condition.

**	� The risk difference and 95% confidence interval were calculated on the basis of the Miettinen–Nurminen method and stratified according 
to NYHA class (II or III), type of exercise testing (treadmill or exercise bicycle), and treatment with beta-blockers (yes or no) at baseline.
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of the trial regimen in all but 3 patients (1 patient 
withdrew consent after the week 16 visit when the 
left ventricular ejection fraction was 45% with no 

follow-up echocardiography, and 2 patients had 
values of 42% and 46% at week 48 with no addi-
tional follow-up). A total of 5 of 19 patients (26%) 

Figure 1. Primary End Points.

Panels A and B show the change from baseline to week 48 in the mean peak oxygen uptake and the mean 23-item Kansas City Cardiomy-
opathy Questionnaire clinical summary score (KCCQ-CSS), respectively. The KCCQ-CSS ranges from 0 to 100, with higher scores indicat-
ing better health status. Estimates were derived with an analysis of covariance model, with trial group, stratification factors (New York 
Heart Association functional class [II or III], type of exercise testing [treadmill or exercise bicycle], and beta-blocker treatment [yes or no]), 
and baseline value as covariates. I bars denote 95% confidence intervals. The insets show the same data on an expanded y axis. Panels C 
and D show waterfall plots of the change from baseline to week 48 in the peak oxygen uptake and the KCCQ-CSS, respectively, for each 
patient.
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in the mavacamten group had congestive heart 
failure close to the time when the left ventricular 
ejection fraction was less than 50%, which re-
turned to 50% or higher after interruption of 
mavacamten. In the mavacamten group, patients 
whose left ventricular ejection fraction decreased 
to less than 50% had a baseline value (65.2±4.9%) 

similar to those with a preserved ejection fraction 
during follow-up (65.9±3.7%).

Discussion

The ODYSSEY-HCM trial was an international trial 
conducted at 201 HCM centers and was designed 

Figure 2. Key Secondary End Points.

Panels A and B show the change from baseline to week 48 in the mean slope of minute ventilation (VE) divided by carbon dioxide 
production (VCO

2
) and the mean Hypertrophic Cardiomyopathy Symptom Questionnaire (HCMSQ) score on the shortness-of-breath 

domain, respectively. HCMSQ shortness-of-breath scores range from 0 to 18, with higher scores indicating more frequent shortness of 
breath. I bars denote 95% confidence intervals. Panel C shows the change from baseline to week 48 in the median N-terminal pro–
B-type natriuretic peptide (NT-proBNP) level. I bars denote interquartile ranges. Insets in Panels A, B, and C show the same data on 
an expanded y axis. Panel D shows the percentage of patients with a change from baseline to week 48 in New York Heart Association 
(NYHA) functional class.
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Table 3. Summary of Adverse Events.*

Adverse Event
Mavacamten 

(N = 288)
Placebo 
(N = 290)

no. of patients (%)

Adverse events during the treatment period

Any adverse event 250 (86.8) 239 (82.4)

Adverse event leading to interruption of mavacamten or placebo 42 (14.6) 15 (5.2)

Adverse event leading to discontinuation of mavacamten or placebo 15 (5.2) 8 (2.8)

Adverse event leading to death 1 (0.3) 1 (0.3)

Serious adverse events

Any serious adverse event 55 (19.1) 44 (15.2)

Cardiac disorders 31 (10.8) 21 (7.2)

Congestive heart failure 19 (6.6) 5 (1.7)

Atrial tachyarrhythmia 12 (4.2) 10 (3.4)

Ventricular tachyarrhythmia 3 (1.0) 1 (0.3)

Coronary artery disease 2 (0.7) 2 (0.7)

Cardiac conduction disorder 1 (0.3) 3 (1.0)

Cardiac arrest 1 (0.3)† 0

Cardiogenic shock 1 (0.3)† 0

Palpitations 0 2 (0.7)

Vascular disorder 1 (0.3) 3 (1.0)

Phlebitis 1 (0.3) 0

Hypertension 0 2 (0.7)

Raynaud’s phenomenon 0 1 (0.3)

Nervous system disorder 9 (3.1) 6 (2.1)

Cerebral infarction 2 (0.7) 0

Stroke 2 (0.7) 1 (0.3)

Syncope 2 (0.7) 2 (0.7)

Cerebral hemorrhage 1 (0.3) 0

Seizure 1 (0.3) 1 (0.3)

Transient ischemic attack 1 (0.3) 1 (0.3)

Ischemic stroke 0 1 (0.3)

Prespecified adverse events of clinical interest

Permanent discontinuation of mavacamten or placebo owing to left  
ventricular ejection fraction ≤30%

7 (2.4) 0

Left ventricular ejection fraction <50% 62 (21.5) 5 (1.7)

Major adverse cardiac events plus‡ 27 (9.4) 17 (5.9)

*	�Data are shown for all patients who underwent randomization and received at least one dose of the trial regimen.
†	�Additional details are provided in the Supplementary Appendix.
‡	�Major adverse cardiac events plus include death from cardiovascular causes, nonfatal myocardial infarction, nonfatal 

stroke, hospitalization for heart failure, hospitalization for arrhythmias, or appropriate implantable cardioverter–defibrillator 
therapy.
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to determine whether mavacamten improves func-
tional capacity and patient-reported health status 
in patients with symptomatic nonobstructive HCM. 
The trial showed that mavacamten did not lead to 
a significantly greater improvement in exercise 
capacity (as assessed by peak oxygen uptake) or 
a significantly greater decrease in symptoms (as 
assessed by the KCCQ-CSS) than placebo at 48 
weeks. Interruptions and discontinuations in the 
trial regimen along with reductions in left ven-
tricular ejection fraction to levels below prespeci-
fied thresholds occurred more frequently among 
patients assigned to the mavacamten group than 
those assigned to the placebo group.

Patient age, body-mass index, and background 
HCM therapy in this trial were broadly similar 
to those in previous phase 3 trials involving pa-
tients with obstructive HCM.7-9,22 However, patients 
enrolled in the current trial had a higher incidence 
of familial HCM, a longer duration of symptom-
atic HCM, a higher prevalence of atrial fibrilla-
tion, and a lower KCCQ-CSS. Before randomiza-
tion, all the patients had a preserved left ventricular 
ejection fraction with no resting or latent dy-
namic left ventricular outflow tract obstruction. 
Because of the advanced disease burden, patients 
also had diastolic dysfunction as evidenced by an 
increased left atrial volume index and ratio of 
the peak early mitral inflow velocity to the peak 
early diastolic mitral annular velocity and elevated 
NT-proBNP and troponin I levels.

Among all patients with HCM, the prevalence 
of nonobstructive HCM is 30 to 50%, with current 
pharmacotherapies showing variable efficacy and 
adverse effects.1,2,23,24 In previous studies involv-
ing patients with symptomatic obstructive HCM, 
mavacamten decreased left ventricular outf low 
tract obstruction, improved exercise capacity, re-
duced eligibility for septal reduction therapy, and 
was associated with favorable effects on short- 
and long-term cardiac remodeling.7-19 By target-
ing sarcomeric dysfunction, mavacamten was 
hypothesized to mitigate hypercontractility and 
improve left ventricular efficiency, thus extending 
the benefits beyond relief of left ventricular out-
flow tract obstruction. The MAVERICK-HCM trial 
showed significant improvements in NT-proBNP 
and troponin I levels, with a post hoc analysis 
identifying a subpopulation of patients with 
nonobstructive HCM who had a more favorable 
change from baseline in peak oxygen uptake and 
KCCQ-CSS with mavacamten than with placebo.20 

These results provided the rationale for conduct-
ing the current phase 3 ODYSSEY-HCM trial.

The lack of a difference between the mavacam-
ten and placebo groups in peak oxygen uptake 
or KCCQ-CSS in the current trial differs from 
what has been reported in previous studies in-
volving patients with obstructive HCM. This dif-
ference in study findings suggests that dynamic 
left ventricular outflow tract obstruction may have 
a greater effect on exercise capacity and patient-
reported health status in patients with obstruc-
tive HCM than in patients with nonobstructive 
HCM. In patients with nonobstructive HCM with-
out left ventricular outflow obstruction, the plau-
sible dominant contributors to symptoms and 
impaired exercise capacity are the presence of 
subendocardial ischemia, diastolic dysfunction, 
left ventricular noncompliance, and aberrant cel-
lular energetics. In that context, cardiac myosin 
inhibitors may have a limited effect on improving 
hemodynamics or energy efficiency, thereby reduc-
ing the likelihood of clinically meaningful im-
provements in exercise capacity or patient-reported 
health status. Furthermore, treatment with cardiac 
myosin inhibitors could result in the inhibition of 
an overactive sarcomere without the compensa-
tory benefit of alleviating left ventricular out-
f low obstruction. In addition, the results of the 
current trial suggest that favorable changes in 
biomarkers may not reliably predict clinical ef-
ficacy in patients with nonobstructive HCM.

Patient-reported outcomes are increasingly 
recommended by professional medical society 
guidelines and major health authorities (the Food 
and Drug Administration and the European Med-
icines Agency) in evaluating therapies in the 
management of HCM.1,3,25 In the current trial, 
patient-reported outcomes (the KCCQ-CSS and the 
HCMSQ) improved not only in the mavacamten 
group but also in the placebo group, which may 
reflect improved and intensified background HCM 
care during the clinical trial, including recogni-
tion and treatment of arrhythmias.

The trial required echocardiographic assess-
ment of left ventricular ejection fraction by a core 
laboratory to guide trial-participation eligibility, 
dose adjustment, and decisions regarding inter-
ruption and discontinuation of the trial regimen. 
Because left ventricular outflow tract obstruction 
is often latent, provocative maneuvers performed 
during resting and stress echocardiography were 
used to identify patients with truly nonobstructive 
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HCM,26-28 and patients who underwent random-
ization in the trial met rigorous clinical criteria 
for the diagnosis of nonobstructive HCM.1-3 As a 
result, the current trial population was similar 
to those reported in other HCM trials and dis-
similar to patients with heart failure with pre-
served ejection fraction.7-9,22

The dose administration of mavacamten was 
developed to provide an effective balance be-
tween efficacy and safety. This approach was 
based on pharmacokinetic and pharmacodynam-
ic modeling that used left ventricular ejection 
fraction measurements obtained monthly to de-
termine the appropriate dose. At week 48, the 
percentage of patients with an interruption of 
the trial regimen owing to a left ventricular 
ejection fraction of less than 50% or a discon-
tinuation of the trial regimen owing to a left 
ventricular ejection fraction of 30% or less was 
higher in the mavacamten group than in the pla-
cebo group, which is consistent with the inhibi-
tory effect of mavacamten on cardiac myosin. In 
the current trial, almost half the patients (49.1%) 
in the mavacamten group were receiving the 
higher doses (10 mg and 15 mg) of the drug, 
which is a higher percentage of patients than in 
the previous obstructive HCM trials.7-9 Whether 
this aggressive dose-adjustment scheme affect-
ed the incidence of reductions in left ventricular 
ejection fraction is uncertain. In all but three pa-
tients with an interruption of the trial regimen, 
the left ventricular ejection fraction returned to 
50% or higher. The percentage of patients with 
atrial fibrillation or atrial flutter appeared to be 
similar in the mavacamten and placebo groups.

This trial had limitations. The majority of the 
patients were White, and the results may not be 
generalizable to other populations. Some patients 
with heart failure with preserved ejection frac-
tion may have been included in the trial because 
of overlapping features with nonobstructive HCM 
despite stringent entry criteria. A total of 8.3% 
of the patients discontinued the assigned trial 

regimen, which may have affected the trial out-
come. In addition, the current trial was conducted 
for 48 weeks and did not evaluate longer-term 
outcomes.

Among patients with nonobstructive HCM, 
mavacamten did not result in a significantly great-
er improvement in exercise capacity measured by 
peak oxygen uptake or a significantly greater de-
crease in symptoms as assessed by the KCCQ-CSS 
than placebo.
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