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Introduction
Obstructive hypertrophic cardiomyopathy (oHCM) affects approxi
mately 1.6 per 10 000 inhabitants of the European Union (EU).1

Currently, there are no approved disease-specific or sarcomere- 
targeted therapies for oHCM. On 30 September 2021, Bristol-Myers 
Squibb Pharma EEIG applied for an initial marketing authorisation via 
the European Medicines Agency (EMA) centralised procedure for ma
vacamten (Camzyos®) for the treatment of symptomatic (New York 
Heart Association, NYHA, class II-III) oHCM in adult patients. The re
view was conducted by EMA’s Committee for Medicinal Products for 
Human Use (CHMP), and a positive opinion was issued on 26 April, 
2023, this being the first EU approval of a cardiac myosin inhibitor.

Nonclinical aspects and clinical 
pharmacology
Mavacamten is a modulator of beta-cardiac myosin that reversibly inhi
bits its binding to actin, diminishing sarcomere force output to reduce 
myocardial contractility and improve ventricular compliance. It is avail
able in capsules containing 2.5, 5, 10, or 15 mg. Mavacamten is mainly 
metabolised by CYP2C19, and elimination half-life strongly depends 
on the CYP2C19 phenotype, ranging from 72 to 533 h. Cytochrome 
P450 CYP2C19 genotype should therefore be determined. Having 
two loss-of-function alleles (*2/*2, *2/*3, *3/*3) results in a Poor 
Metaboliser phenotype, which has a frequency of slightly over 2% in 
the European population and up to 18% in the Asian population.2

The recommended starting dose is 2.5 mg for the poor metabolizer 
phenotype and for patients with unknown phenotype awaiting geno
typing. Uptitration above 5 mg can only be done once the genotyping 
results have ruled out the Poor Metaboliser phenotype. Starting dose 
is 5 mg for the other phenotypes. Throughout treatment, initially at 
4 week intervals and later at 12 week intervals, dose adjustments are 
guided by the left ventricular outflow tract (LVOT) gradient and Left 
Ventricular Ejection Fraction, clarified in decision trees in the SmPC. 
No pharmacodynamic interactions were found with accepted back
ground therapies of beta-blockers and calcium channel blockers. As 
mavacamten is partly metabolized via CYP3A4, a Table in the SmPC 
gives guidance on concomitant medicinal product use of CYP2C19 
and CYP3A4 inhibitors and inducers, including the moderate 
CYP3A4 inhibitors verapamil and diltiazem.

Trial design
The application for initial market authorisation was based on two piv
otal trials: EXPLORER-HCM and VALOR-HCM.3,4 Both were rando
mised, double-blind, placebo-controlled trials.

EXPLORER-HCM investigated mavacamten over 30 weeks in patients 
with hypertrophic cardiomyopathy with an LVOT gradient of 30 mm Hg 
or greater by Valsalva manoeuvre at screening and in NYHA class II–III. 
The primary endpoint was a composite of patients achieving 1.5 mL/kg 
per min or greater increase in peak oxygen consumption (pVO2) and 
at least one NYHA class reduction or a 3.0 mL/kg per min or greater 
pVO2 increase without NYHA class worsening.
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VALOR-HCM investigated mavacamten in patients with hypertroph
ic cardiomyopathy with an LVOT gradient of 50 mm Hg or greater who 
met guideline criteria for septal reduction therapy (SRT).5 The primary 
endpoint was the composite of the proportion of patients proceeding 
with SRT prior to or at Week 16 or who remained SRT 
guideline-eligible after 16 weeks of treatment.

Clinical efficacy
In EXPLORER-HCM, 251 patients were randomised to mavacamten 
(n = 123) or placebo (n = 128). A total of 37% of patients on mava
camten vs. 17% on placebo met the primary endpoint (difference 
+19.4%, 95% CI 8.7 to 30.1; P = .0005). However, it was considered 
that neither exercise capacity nor NYHA class are validated surro
gates for morbidity/mortality in the context of oHCM treatment. 
According to the EMA Guideline on clinical investigation of medicinal 
products for the treatment of chronic heart failure, in selected pa
tient populations with high unmet medical need, including hyper
trophic cardiomyopathies, exercise capacity may be acceptable as 
a primary efficacy endpoint in case the effect size is clinically mean
ingful and consistent with an improvement in patient reported out
comes and the cardiovascular safety profile of the product can be 
adequately characterised.6 Consequently, the individual component 
pVO2max, the second sequentially tested secondary endpoint, is 
considered the most relevant clinical efficacy endpoint. Mean (SD) 
pVO2 change from baseline to week 30, in mL/kg per min, was 1.4 
(3.1) in the mavacamten group vs. −0.1 (3.0) in the placebo group 
for a difference of 1.4 (95% CI 0.6 to 2.1; P = .0006). Mavacamten 
treatment resulted in significant improvements on secondary end
points of post-exercise LVOT gradient, percentage of subjects 
who had ≥1 class improvement from baseline in NYHA class, 
Kansas City Cardiomyopathy Questionnaire-Clinical Summary 
Score (KCCQ-CSS) and Hypertrophic Cardiomyopathy Symptom 
Questionnaire Shortness-of-Breath subscore (HCMSQ-SoB).

In VALOR-HCM, 112 patients were randomised to mavacamten 
(n = 56) or placebo (n = 56). Treatment with mavacamten resulted 
in a lower proportion of subjects that decided to proceed with SRT 
or remained guideline eligible at Week 16 compared with placebo 
[17.9% vs. 76.8%, respectively; treatment difference (95% CI), 58.9 
(44.0,73.9); P < .0001]. Mavacamten treatment resulted in significant 
improvements on secondary endpoints of post-exercise LVOT gradi
ent,  ≥ 1 NYHA class improvement, improvement in KCCQ-23 CSS 
and NT-proBNP and cardiac troponin I.

Clinical safety
Mavacamten appeared to be generally well tolerated with dizziness and 
dyspnoea as most common reported AEs. Although based on the clin
ical trial data, the current safety profile of mavacamten does not suggest 
any safety concerns, a detrimental effect on cardiovascular function 
and-or safety could not be excluded and therefore remains of concern. 
A meta-analysis, with continuous monitoring of the cardiovascular 
safety of mavacamten by routine pharmacovigilance, long-term efficacy 
studies and two non-interventional observational studies, will be con
ducted to follow up this concern. Due to teratogenicity observed in 
two animal species (rats, rabbits), mavacamten is contraindicated during 
pregnancy and women of childbearing potential must use effective 
contraception during treatment with mavacamten and for 6 months 
(5 half-lives in CYP2C19 poor metabolisers) following discontinuation.

Benefit-risk assessment
The improvement in the most relevant endpoint in EXPLORER-HCM, 
exercise capacity measured by pVO2max, was significant but modest 
and was not deemed convincing enough to justify approval of mavacam
ten based on a single pivotal trial according to the applicable EMA guide
line.7 Therefore, the results of VALOR-HCM were made available 
during the evaluation procedure. The primary endpoint in 
VALOR-HCM, the composite of a patient’s decision to proceed with 
SRT prior to or at week 16 or eligibility for SRT—according to the cri
teria set in the ACCF/AHA 2011 guidelines—after 16 weeks of treat
ment, was considered a more clinically relevant endpoint.5 In both 
studies, the primary outcomes are supported by various positive results 
in secondary outcomes. However, it should be noted that the improve
ments in health status measured by KCCQ-23 CSS (treatment differ
ence 9.1 in EXPLORER-HCM and 9.5 in VALOR-HCM) and 
HCMSQ-SoB (treatment difference –1.8) were just below the prede
fined clinically meaningful thresholds (increase of ≥10 and decrease 
≥2.5 points, respectively).

This is the first cardiovascular medicinal product for which the EU 
SmPC states that patients should be CYP genotyped to determine 
the appropriate dose. In the US Risk Evaluation and Mitigation 
Strategy, a similar approach with echocardiogram guided dose adjust
ment and dose adjustment in case of concomitant use of CYP2C19 
and CYP3A4 inhibitors or inducers was taken, but without CYP geno
typing. The Healthcare Professional Information Pack will include infor
mation on avoidance of pregnancy, echocardiogram guided dosing, CYP 
genotyping, drug interactions, and the possible development of heart 
failure.

Conclusions
The CHMP recommended approval of mavacamten, the first approval 
of a cardiac myosin inhibitor and targeted therapy for obstructive HCM 
in the EU.
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