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MEETING PRELIMINARY COMMENTS

MyoKardia, Inc.
Attention: Stephanie Chan, MS
Senior Manager, Regulatory Strategy
1000 Sierra Point Parkway 
Brisbane, CA 94005

Dear Ms. Chan:

Please refer to your investigational new drug application (IND) submitted under section 
505(i) of the Federal Food, Drug, and Cosmetic Act for MYK-461.

We also refer to your correspondence, dated and received May 20, 2020, requesting a 
teleconference to discuss the planned NDA for MYK-461 and the June 26, 2020 Advice 
Letter containing comments and recommendation regarding the dissolution method. 

Our preliminary responses to your meeting questions are enclosed.  

You should provide, to the Regulatory Project Manager, a hardcopy or electronic 
version of any materials (i.e., slides or handouts) to be presented and/or discussed 
at the meeting.

In accordance with 21 CFR 10.65(e) and FDA policy, you may not electronically record 
the discussion at this meeting. The official record of this meeting will be the FDA-
generated minutes. 

If you have any questions, please call me at (240) 402-3596.

Sincerely,

{See appended electronic signature page}

Brian Proctor, RAC
Senior Regulatory Health Project Manager 
Cardiology and Nephrology
Division of Regulatory Operations for Cardiology, 
Hematology, Endocrinology, & Nephrology 
Office of Regulatory Operations
Center for Drug Evaluation and Research
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Introduction:
This material consists of our preliminary responses to your questions and any additional 
comments in preparation for the discussion at the teleconference scheduled for July 22, 
2020 from 12pm-1pm, between MyoKardia, Inc. and the Division of Cardiology and 
Nephrology.  We are sharing this material to promote a collaborative and successful 
discussion at the meeting.  The meeting minutes will reflect agreements, important 
issues, and any action items discussed during the meeting and may not be identical to 
these preliminary comments following substantive discussion at the meeting.  However, 
if these answers and comments are clear to you and you determine that further 
discussion is not required, you have the option of cancelling the meeting (contact the 
regulatory project manager (RPM)).  If you choose to cancel the meeting, this document 
will represent the official record of the meeting.  If you determine that discussion is 
needed for only some of the original questions, you have the option of reducing the 
agenda and/or changing the format of the meeting (e.g., from face to face to 
teleconference).  It is important to remember that some meetings, particularly milestone 
meetings, can be valuable even if the pre-meeting communications are considered 
sufficient to answer the questions.  Contact the RPM if there are any major changes to 
your development plan, the purpose of the meeting, or the questions based on our 
preliminary responses, as we may not be prepared to discuss or reach agreement on 
such changes at the meeting.

1.0 BACKGROUND

MyoKardia, Inc. (MyoKardia) is developing MYK-461 for the treatment of adults with 
symptomatic oHCM  
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 The registration strategy for MYK-461 was discussed with the Division of 
Cardiology and Nephrology, formerly known as the Division of Cardiovascular and 
Renal Products at the Type B, End of Phase 2 meeting held on September 19, 2017. 
The Division provided feedback on the Phase 3 study design and generally agreed that 
a single positive Phase 3 study could support a new drug application submission. 
Further discussion on the Phase 3 pivotal study occurred in a Type C meeting held on 
March14, 2018. The pivotal Phase 3 study, EXPLORER-HCM (MYK-461-005), will 
evaluate the superiority of MYK-461 in improving clinical response, defined by pVO2 
and NYHA functional class, relative to placebo. Secondary objectives will assess the 
effect of MYK-461 on improving HCM clinical symptoms and LVOT obstruction. The 
EXPLORER-HCM study has completed enrollment with a projected last subject last visit 
date of May 2020. A CMC-focused End of Phase 2 meeting to discuss product 
development and CMC-related questions was held on December 6, 2018.

The purpose of this Pre-NDA meeting is to discuss the planned NDA for MYK-461 and 
the June 26, 2020 Advice Letter containing comments and recommendations regarding 
the dissolution method.

2.0 DISCUSSION

2.1. EXPLORER-HCM Data Package

Question 1: Does the Agency agree that the data from the pivotal Phase 3 
EXPLORER-HCM trial supports the filing of an NDA for MYK-461?

FDA Response to Question 1: Yes.

2.2. MYK-461 Clinical Studies

Question 2: Does the Agency agree that the final list of clinical studies supports the 
filing of an NDA for MYK-461?

FDA Response to Question 2: Yes.

Question 3: Does the Agency agree that the CSR for Study MYK-461-016 can be 
submitted within 30 days of the submission date for the MYK-461 NDA?

FDA Response to Question 3: Yes, you can submit your final clinical study report 
for Study # MYK-461-016 within 30 days of the submission date for the MYK-461 
NDA.
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Question 4: Does the Agency agree that, in the event of further delays to the 
completion of Study MYK-461-016, the MYK-461 NDA can be filed without the final 
CSR for Study MYK-461-016?

FDA Response to Question 4: Yes, it is reasonable to file MYK-461 NDA without 
the final CSR for Study # MYK-461-016 in the event of further delays in the study 
conduct due to COVID-19.

2.3. MYK-461 Dosing Strategy

Question 5: Does the Agency agree that the proposed analyses and PK/PD 
modeling and simulation would be sufficient to support an assessment of the safety 
and efficacy of ECHO-guided dose titration and monitoring?

FDA Response to Question 5: Yes, your PK/PD modeling and simulation plan to 
compare the performance of ECHO- versus PK-guided dose titration appears 
reasonable.

2.4. Safety Database

Question 6: Based on the magnitude of benefit demonstrated in the EXPLORER-
HCM trial, and in consideration of MyoKardia’s plans to continually evaluate the 
safety of MYK-461 via clinical trials and a prospective registry, does the Agency 
agree that the size of the safety database is sufficient to support the filing of an NDA 
for MYK-461?

FDA Response to Question 6: Yes.

2.5. Advisory Committee

Question 7: Based on the provided clinical summary for the pivotal Phase 3 
EXPLORER-HCM study and the nonclinical and clinical information that has been 
submitted to date to IND 121904 for MYK-461, does the Agency anticipate that the 
MYK-461 NDA will be the subject of a FDA Advisory Committee Meeting?

FDA Response to Question 7: At this point, we do not anticipate taking this to an 
Advisory Committee.

2.6. Risk Evaluation and Mitigation Strategy

Question 8: Does the Agency agree that the currently available safety information 
for MYK-461 is sufficient 
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FDA Response to Question 8: No, we do not agree. Based on the information 
available at this time, we believe that a risk evaluation and mitigation strategy 
(REMS) will be necessary to ensure that the benefits of the drug outweigh the risk of 
excessive reductions in cardiac contractility. Therefore, we encourage you to submit 
a proposed REMS with your application.  A complete review of the REMS, in 
conjunction with the full clinical review of the NDA will be necessary to determine 
that the REMS adequately addresses the safety risks and meets the criteria set forth 
in section 505-1 of the Federal Food, Drug, and Cosmetic Act. Although your 
arguments for transitioning to PD-based dosing are reasonable, echocardiography 
will be fundamental to assuring the safety of MYK=461 administration.  We 
anticipate the need for a REMS to assure that these echocardiograms get 
performed.

2.7. CMC

Question 9: Does the Agency agree on the acceptability of the dissolution method 
to be used for the intended commercial capsule formulation?

FDA Response to Question 9: No, we do not agree on it. Please see our 
comments and recommendations in the letter dated June 26, 2020 regarding the 
dissolution method.  

3.0 OTHER IMPORTANT MEETING INFORMATION

PREA REQUIREMENTS
Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for 
new active ingredients, new indications, new dosage forms, new dosing regimens, or 
new routes of administration are required to contain an assessment of the safety and 
effectiveness of the product for the claimed indication(s) in pediatric patients unless this 
requirement is waived, deferred, or inapplicable.

Please be advised that under the Food and Drug Administration Safety and Innovation 
Act (FDASIA), you must submit an Initial Pediatric Study Plan (PSP) within 60 days of 
an End of Phase (EOP2) meeting. The PSP must contain an outline of the pediatric 
study or studies that you plan to conduct (including, to the extent practicable study 
objectives and design, age groups, relevant endpoints, and statistical approach); any 
request for a deferral, partial waiver, or waiver, if applicable, along with any supporting 
documentation, and any previously negotiated pediatric plans with other regulatory 
authorities. The PSP should be submitted in PDF and Word format. For additional 
guidance on the timing, content, and submission of the PSP, including a PSP Template, 
please refer to the draft guidance for industry, Pediatric Study Plans: Content of and 
Process for Submitting Initial Pediatric Study Plans and Amended Pediatric Study Plans 
at: 
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http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guida
nces/UCM360507.pdf. In addition, you may contact the Pediatric and Maternal Health 
Staff at 301-796-2200 or email pdit@fda.hhs.gov. For further guidance on pediatric 
product development, please refer to:
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/ucm0
49867.ht
m.

DATA STANDARDS FOR STUDIES

CDER strongly encourages IND sponsors to consider the implementation and use of 
data standards for the submission of applications for investigational new drugs and 
product registration. Such implementation should occur as early as possible in the 
product development lifecycle, so that data standards are accounted for in the design, 
conduct, and analysis of clinical and nonclinical studies. CDER has produced a web 
page that provides specifications for sponsors regarding implementation and 
submission of clinical and nonclinical study data in a standardized format. This web 
page will be updated regularly to reflect CDER's growing experience in order to meet 
the needs of its reviewers. The web page may be found at:
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/FormsSubmissionRequirement
s/ElectronicSubmissions/ucm248635.htm

LABORATORY TEST UNITS FOR CLINICAL TRIALS

CDER strongly encourages IND sponsors to identify the laboratory test units that will be 
reported in clinical trials that support applications for investigational new drugs and 
product registration. Although Système International (SI) units may be the standard 
reporting mechanism globally, dual reporting of a reasonable subset of laboratory tests 
in U.S. conventional units and SI units might be necessary to minimize conversion 
needs during review.
Identification of units to be used for laboratory tests in clinical trials and solicitation of 
input from the review divisions should occur as early as possible in the development 
process. For more information, please see CDER/CBER Position on Use of SI Units for 
Lab Tests
(http://www.fda.gov/ForIndustry/DataStandards/StudyDataStandards/default.htm ).

SUBMISSION FORMAT REQUIREMENTS

The Electronic Common Technical Document (eCTD) is CDER and CBER’s standard 
format for electronic regulatory submissions.  As of May 5, 2017, the following 
submission types: NDA, ANDA, and BLA must be submitted in eCTD 
format.  Commercial IND and Master File submissions must be submitted in eCTD 
format beginning May 5, 2018.  Submissions that do not adhere to the requirements 
stated in the eCTD Guidance will be subject to rejection.  For more information please 
visit: http://www.fda.gov/ectd. 
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PATIENT-FOCUSED ENDPOINTS

An important component of patient-focused drug development is describing the patient’s 
perspective of treatment benefit in labeling based on data from patient-focused outcome 
measures [e.g., patient-reported outcome (PRO) measures].  Therefore, early in product 
development, we encourage sponsors to consider incorporating well-defined and 
reliable patient-focused outcome measures as key efficacy endpoints in clinical trials, 
when appropriate, and to discuss those measures with the Agency in advance of 
confirmatory trials.  For additional information, refer to FDA’s guidance for industry 
Patient-Reported Outcome Measures: Use in Medical Product Development to Support 
Claims, available at 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guida
nces/UCM193282.pdf. 

NEW PROTOCOLS AND CHANGES TO PROTOCOLS

To ensure that the Division is aware of your continued drug development plans and to 
facilitate successful interactions with the Division, including provision of advice and 
timely responses to your questions, we request that the cover letter for all new phase 2 
or phase 3 protocol submissions to your IND or changes to these protocols include the 
following information:

1. Study phase
2. Statement of whether the study is intended to support marketing and/or labeling 

changes
3. Study objectives (e.g., dose finding)
4. Population
5. A brief description of the study design (e.g., placebo or active controlled) 
6. Specific concerns for which you anticipate the Division will have comments
7. For changes to protocols only, also include the following information: 

 A brief summary of the substantive change(s) to the protocol (e.g., 
changes to endpoint measures, dose, and/or population) 

 Other significant changes
 Proposed implementation date

We recommend you consider requesting a meeting to facilitate discussion of multiple 
and/or complex issues.  
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 YES, the BTDR is adequate and sufficiently complete to permit a substantive review  
 Undetermined  
 NO, the BTDR is inadequate and not sufficiently complete to permit a substantive review; therefore, the 
request must be denied because (check one or more below): 

   
i. Only animal/nonclinical data submitted as evidence   

ii. Insufficient clinical data provided to evaluate the BTDR 
(e.g. only high-level summary of data provided, insufficient information 
 about the protocol[s])       

iii. Uncontrolled clinical trial not interpretable because endpoints  
are not well-defined and the natural history of the disease is not 
relentlessly progressive (e.g. multiple sclerosis, depression)  

iv. Endpoint does not assess or is not plausibly related to a serious  
aspect of the disease (e.g., alopecia in cancer patients, erythema  
chronicum migrans in Lyme disease)     

v. No or minimal clinically meaningful improvement as compared 
to available therapy2/ historical experience (e.g., <5% 
improvement in FEV1 in cystic fibrosis, best available 
therapy changed by recent approval)     
 

5. Provide below a brief description of the deficiencies for each box checked above in Section 4b:  
 

If 4b is checked “No”, BTDR can be denied without MPC review. Skip to number 6 for clearance and sign-off (Note: 
The Division always has the option of taking the request to the MPC for review if the MPC’s input is desired. If this is 
the case, proceed with BTDR review and complete Section II).  If the division feels MPC review is not required, send 
the completed BTDDRT to Miranda Raggio for review. Once reviewed, Miranda will notify the MPC Coordinator to 
remove the BTDR from the MPC calendar. If the BTDR is denied at the Division level without MPC review, the BTD 
Denial letter still must be cleared by Miranda Raggio, after division director and office director clearance. 
 
If 4b is checked “Yes” or “Undetermined”, proceed with BTDR review and complete Section II, as MPC review is 
required. 

 
6. Clearance and Sign-Off (no MPC review) 

 
Deny Breakthrough Therapy Designation   
 
Reviewer Signature:  {See appended electronic signature page} 
Team Leader Signature:  {See appended electronic signature page} 
Division Director Signature: {See appended electronic signature page} 
__________________________________________________________________________________________________ 
Section II: If the BTDR cannot be denied without MPC review in accordance with numbers 1-3 above, or 
if the Division is recommending that the BTDR be granted, provide the following additional information 
needed by the MPC to evaluate the BTDR. 
 
7. A brief description of the drug, the drug’s mechanism of action (if known), the drug’s relation to existing 

therapy(ies), and any relevant regulatory history.  Consider the following in your response.  
 
The disease 
 
• Obstructive Hypertrophic Cardiomyopathy (oHCM) is a clinical phenotype defined by left ventricular 

hypertrophy in the absence of other causes, which is typically diagnosed echocardiographically by the presence 
of a maximal LV wall thickness ≥ 15mm, or 13 to 15 mm in the presence of other compelling evidence of the 

                                                 
2 For a definition of available therapy refer to Guidance for Industry: “Expedited Programs for Serious Conditions––Drugs and 
Biologics” http://www fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM358301.pdf 
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disease (e.g., positive family history), together with obstruction of the left ventricular outflow caused by a sub-
aortic valvular muscle mass impinging on the left ventricular outflow tract (LVOT). This LVOT obstruction 
causes a high-flow venturi effect that pulls the anterior mitral valve leaflet into the LVOT (systolic anterior 
motion, SAM), which in turn causes various degrees of mitral regurgitation. 

•  Mutations in genes encoding the proteins of the sarcomere are present in the majority of patients.  The 
hypertrophic process results in a small hypercontractile left ventricular cavity, poor diastolic relaxation with a 
variable diastolic compliance abnormality, and in the majority of patients, some degree of obstruction of the left 
ventricular outflow tract (LVOT) either at rest or with exercise. 

• The typical symptoms of hypertrophic cardiomyopathy include dyspnea, diminished exercise tolerance,  anginal 
chest pain, palpitations, and syncope.  HCM is associated with an increased risk of sudden cardiac death in a 
minority of patients and can require implantable cardioverter-defibrillator (ICD) placement. 

 
MYK-461 

 
• MYK-461 is a small molecule allosteric modulator of striated muscle myosin that selectively targets cardiac 

myosin and reversibly decreases its binding to actin.  It does so my inhibiting the transition of myosin from the 
“off-actin” state to the “on-actin” state, thereby deactivating potential myosin motors from entering the 
sarcomere contraction cycle., which results in decreased contractility, per the graphic below: 

 

 
• The sponsor believes that these pharmacologic properties lead to lowering of the supra-normal sarcomeric 

contractility in the myocardium in subjects with oHCM, and so have the potential to reduce dynamic LVOT 
obstruction, improve left ventricular diastolic performance (i.e. relaxation), and thereby relieve symptoms and 
improve function. The detailed summary data submitted from their Phase 3 trial Explorer-HCM (MYK-461-005) 
substantiate these hypotheses, and will be shown below.  The final data from this Phase 3 trial will be submitted 
in the fourth quarter of 2020 to support an NDA for the oHCM indication. 

 
8.  Information related to endpoints used in the available clinical data:  
 

a. Describe the endpoints considered by the sponsor as supporting the BTDR and any other endpoints the sponsor 
plans to use in later trials. Specify if the endpoints are primary or secondary, and if they are surrogates. 

The primary endpoint of Explorer-HCM  to which the Division agreed prospectively was clinical response 
defined as either  1) An improvement of at least 1.5 mL/kg/min in peak oxygen consumption (pVO2) as 
determined by cardiopulmonary exercise testing (CPET) and a reduction of one or more class in NYHA 
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Functional Classification or 2) an improvement of 3.0 mL/kg/min or more in pVO2 with no worsening in NYHA 
Functional Class. 

b. Describe the endpoint(s) that are accepted by the Division as clinically significant (outcome measures) for 
patients with the disease.  

• Relief of symptoms leading to important improvement in health-related quality of life (HRQoL).  The 
four symptoms that are hallmarks of this disease are shortness of breath, palpitations, chest pain, and 
syncope. 

• Objective improvement of function.  This usually involves an objective measure of exercise capacity to 
include standardized exercise tolerance testing, or, as in this case, CPET to measure peak oxygen 
consumption (pVO2). 

• Reduction in the need for surgical myomectomy (SM), alcohol septal ablation (ASA), or cardiac 
transplant. 

• Reduction in mortality and/or hospitalization. Mortality is unlikely to a useful efficacy outcome because 
most oHCM patients with normal LV systolic function have low short- and intermediate-term risk for 
death. 

c. Describe any other biomarkers that the Division would consider likely to predict a clinical benefit for the 
proposed indication even if not yet a basis for accelerated approval. 

• None. 

9. A brief description of available therapies, if any, including a table of the available Rx names, endpoint(s)  
used to establish efficacy, the magnitude of the treatment effects (including hazard ratio, if applicable), and the 
specific intended population.  
 
• . Beta blockers (BB) – have been the mainstay of therapy for HCM due to their negative inotropic effects which 

are thought to decrease the hypercontractile state and the degree of LVOT obstruction, and due to their negative 
chronotropic effects which reduce myocardial oxygen demand and prolongation of diastolic filling time.   
Propranolol is approved for the improvement of NYHA functional class in symptomatic patients with 
hypertrophic subaortic stenosis (an old name for oHCM), this approval was based on an uncontrolled series of 
13 patients followed for 17 months in which NYHA functional class improved for most patients.  The impact of 
BB therapy with nadolol therapy of exercise-induced outflow obstruction in 27 NYHA class I or class II subjects 
with post-exercise gradients of > 30 mm Hg before therapy demonstrated the following: 

o Without the BBs, the post-exercise LVOT gradient was 87 + 29 mm Hg and >50 mm Hg in 25 patients 
(93%) 

o After a 12 + 4-month period of BB treatment, the post-exercise LVOT gradient had decreased to 36 + 22 
mm Hg (p <0.001) and was virtually abolished (to 0 or <30 mm Hg) in 14 patients (52%), substantially 
blunted (>20 mm Hg reduction) in 9 (33%), and unchanged in 4 (15%).   Severe post-exercise 
obstruction (> 50 mm Hg) persisted in 8 patients (30% compared to 93% without BBs; p <0.001). 

o Non-responders (residual post-exercise gradient of >30 mm Hg with BBs) were characterized by an 
increased body mass index (hazard ratio 2.03/1 kg/m2, 95% confidence interval 1.2 to 3.4; p <0.05).3  
 

                                                 
3 Nistri, S., Olivotto, I., Maron, M.S., Ferrantini, C., Coppini, R., Grifoni, C., Baldini, K., Sgalambro, A., Cecchi, F., & Maron, B.J. 
(2012). ß-Blockers for Prevention of Exercise-Induced Left Ventricular Outflow Tract Obstruction in Patients With Hypertrophic 
Cardiomyopathy. The American Journal of Cardiology, 110(5), 715–719. 
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• Nondihydropyridine calcium channel blockers (CCBs) –  are second-line therapy as they also decrease cardiac 
contractility and heart rate to some degree, but these are used with caution due to their ability to worsen LVOT 
obstruction due to peripheral vasodilatation, and they are not labeled for this use. 
 

•   Disopyramide – is used off label as add-on therapy for patients without adequate symptom relief from beta-
blockers or CCBs, but its anticholinergic effects are problematic in many patients and its associated QT 
prolongation a concern in these subjects who are at increased risk of sudden cardiac death. Disopyramide is not 
labeled for this indication. 

 
• Interventional therapies – for patients with obstructive HCM with gradients ≥ 50 mm Hg and symptoms 

refractory to medical therapy: 
o Surgical myomectomy, which operative removal of a portion if the interventricular septum.  The results 

are operator-dependent; mortality in the USA varies from 3.8% to 15.6% depending on center.  Risks 
include bleeding and the need for permanent pacemaker implantation.  Experience is limited with apical 
or midventricular obstruction. 

• Percutaneous Alcohol Septal Ablation (ASA), in which alcohol is instilled in a coronary artery to cause a 
septal myocardial infarction – for patients in whom surgical myomectomy risk is even higher due to 
comorbidities or to whom access to a high volume operative center is not available.  The ethanol-induced 
septal infarction that results from this procedure can result in heart block requiring implantation of a 
permanent pacemaker., The long-term effects of the resulting septal scar on arrhythmogenesis and 
cardiac remodeling are unknown. 

10.  A brief description of any drugs being studied for the same indication, or very similar indication, that  
      requested breakthrough therapy designation4.   
 

• None. 
 
11.  Information related to the preliminary clinical evidence:  
  

a. A prior BTDR request that was based on early phase biomarker data from small numbers of subjects was denied 
on  11/03/2017.  Phase 3 trial Explorer-HCM (MYK-461-005) is a single pivotal trial that will be submitted to 
support an NDA in the fourth quarter of 2020.  Detailed summary information filed from this trial has been filed to 
IND 121904 to support this BTDR.  Important attributes of and results from EXPLORER-HCM that are relevant to 
this BTDR, as reported by the sponsor, are as follows: 

i. The EXPLORER-HCM Phase 3 trial enrolled a total of 251 patients with symptomatic (NYHA Class 
II or III), oHCM. All participants had a measurable LVOT gradient (resting and/or provoked) ≥ 50 
mmHg at baseline. Patients were randomized on a 1:1 basis to receive individualized once-daily 
dosing of MYK-461 or placebo. Patients started on a dose of 5mg, with up to two opportunities for 
dose adjustments (2.5mg – 15mg) based on a combination of residual LVOT gradient, drug plasma 
concentration and left ventricular ejection fraction (LVEF) levels. The primary endpoint for 
EXPLORER-HCM was a composite functional analysis designed to capture MYK-461’s effect on 
both symptoms and function. The composite functional endpoint was defined by either (1) the 
achievement of a ≥ 1.5mL/kg/min improvement in peak oxygen uptake (pVO2) at cardiopulmonary 
exercise testing (CPET) accompanied by an improvement of ≥ 1 NYHA functional class, or (2) the 
achievement of a ≥3.0mL/kg/min improvement of pVO2 at CPET with no worsening in NYHA 
functional class at Week 30. EXPLORER-HCM met its primary efficacy endpoint according to the 
sponsor table below: 

                                                 
4 Biweekly reports of all BTDRs, including the sponsor, drug, and indication, are generated and sent to all CPMSs. 
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ii. Treatment with MYK-461 resulted in a greater proportion of subjects with improvement of ≥ 1 class 
NYHA functional class compared to placebo (65.0% versus 31.3%, respectively; difference 33.8, 
95% CI: 22.15, 45.43; p <0.0001).  Among subjects who were NYHA class III at baseline, 25.7% (9 
of 35 treated with MYK-461 had a 2-class improvement to NYHA class I compared to 9.1% (3 of 33 
subjects) treated with placebo. 

iii. Treatment with MYK-461 resulted in a greater mean change in pVO2 compared to placebo, as 
measured by cardiopulmonary exercise testing (CPET) (1.40 mL/kg/min vs -0.05 mL/kg/min, 
respectively; difference 1.35, 95% CI: 0.580, 2.116; p <0.0006). 

iv. Treatment with MYK-461 resulted in a greater mean reduction in post-exercise LVOT peak gradient 
compared to placebo, as measured by Doppler echocardiography (-47.2 mmHg vs -10.7 mmHg, 
respectively; difference -35.5, 95% CI: -43.10, -27.95; p <0.0001).  

v. Treatment with MYK-461 resulted in a greater mean change in clinical symptoms as measured by the 
Kansas City Cardiomyopathy Questionnaire (KCCQ-23) Clinical Summary Score (KCCQ-CSS) 
compared to placebo (13.6 vs 4.2, respectively; difference -9.1, 95% CI: 5.46, 12.66; p < 0.0001). 

vi. Treatment with MYK-461 resulted in a greater mean change in shortness of breath as measured by 
the Hypertrophic Cardiomyopathy Symptom Questionnaire (HCMSQ) Shortness of Breath (HCMSQ-
SoB) subscore compared to placebo (-2.82 vs -0.85, respectively; difference -1.80, 95% CI: -2.402, -
1.196; p < 0.0001).  

vii. The sponsor reports a plethora of exploratory echocardiographic improvements (with nominal p 
values), as shown in the following sponsor table: 
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viii. The sponsor likewise reports sustained improvements in NT-proBNP and high sensitivity troponin I 
(hs-cTnI) over the course of the blinded trial as shown in the following two figures, respectively: 
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b.    Include any additional relevant information. 
 

• The safety of this therapy has been closely evaluated from its inception, because drugs of this class (of 
which there are now two) have been shown to be potent negative inotropes.  For MYK-461, the sponsor 
submitted early phase human data demonstrating the exposure-response relationship for plasma 
concentration relative to left ventricular ejection fraction (LVEF) and left ventricular outflow tract 
velocity measured as the velocity time integral (VTI) from patients in the single ascending dose (SAD) 
and multiple ascending dose (MAD) studies as shown in the figure below: 

 

• The safety concern from the outset has been the avoidance of excessive on-target depression of left 
ventricular systolic function in a manner that would lead to clinical congestive heart failure and/or death. 
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• The sponsor addressed these concerns initially by building in pharmacokinetic (PK)-based dosing into 
Explorer-HCM, targeting plasma drug levels to the 700 ng/mL  <  trough PK ng/mL  <  1000 ng/mL 
range in the setting of an echocardiographic LVEF maintained at or above 50%. 

• The sponsor has communicated to the Division and to CDRH in pre-NDA correspondence that they 
believe that their safety data supports a total shift to pharmacodynamic (PD)-based dosing with post-
initiation sequential echocardiography.  This will be a review issue when the NDA is filed. 

• With regards to preliminary safety, the sponsor reports the following adverse event summary: 

 

• Notably, the occurrence of serious adverse events (SAEs) was similar between the treatment 
arms.  The combined rate of treatment discontinuations and/or interruptions was lower in the 
mavacamten treatment arm.  There were no deaths in the mavacamten treatment arm.  One 
placebo treated subject experienced sudden cardiac death. 

12. Division’s recommendation and rationale (pre-MPC review): 
 GRANT: 

Provide brief summary of rationale for granting:  

Note, if the substantial improvement is not obvious, or is based on surrogate/pharmacodynamic endpoint data rather than 
clinical data, explain further. 

            DENY:  

Provide brief summary of rationale for denial: N/A 

13.   Division’s next steps and sponsor’s plan for future development: 
 

a. The sponsor will be submitting an NDA for MYK-461 in the fourth quarter of 2020.  We are having ongoing 
communications with the sponsor in that regard, anticipating a priority review for that application. 

14. List references, if any:  
 
15. Is the Division requesting a virtual MPC meeting via email in lieu of a face-to-face meeting? YES    NO  
 
16. Clearance and Sign-Off (after MPC review): 
 
Grant Breakthrough Therapy Designation   
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Deny Breakthrough Therapy Designation  
 
Reviewer Signature:  {See appended electronic signature page} 
Team Leader Signature:  {See appended electronic signature page} 
Division Director Signature: {See appended electronic signature page} 
 
 
 
 
Revised 3/18/19/M. Raggio 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES 

Food and Drug Administration 
Silver Spring  MD  20993

IND 121904
MEETING MINUTES

MyoKardia, Inc.
Attention: June Lee, MD
Chief Operating Officer
333 Allerton Ave.
South San Francisco, CA 94080

Dear Dr. Lee:

Please refer to your Investigational New Drug Application (IND) submitted under section 505(i) 
of the Federal Food, Drug, and Cosmetic Act for MYK-461.

We also refer to the meeting between representatives of your firm and the FDA on September 
19, 2017.  The purpose of the End-of-Phase 2 meeting was to obtain the Division’s input on the 
proposed development plan for MYK-461.

A copy of the official minutes of the meeting is enclosed for your information.  Please notify us 
of any significant differences in understanding regarding the meeting outcomes.

If you have any questions, please call Brian Proctor, Regulatory Project Manager at (240) 402-
3596.

Sincerely,

{See appended electronic signature page}

Norman Stockbridge, M.D., Ph.D.
Director
Division of Cardiovascular and Renal Products
Office of Drug Evaluation I
Center for Drug Evaluation and Research

Enclosure:
Meeting Minutes
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Meeting Location: White Oak Building 22, Conference Room 1311

Application Number: IND 121904
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Indication: Symptomatic Obstructive Hypertrophic Cardiomyopathy
Sponsor Name: MyoKardia

Meeting Chair: Norman Stockbridge, MD, PhD
Meeting Recorder: Brian Proctor
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Ellis Unger, MD Director
Naomi Lowy, MD Associate Director for Regulatory Science
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Norman Stockbridge, MD, PhD Director
Stephen Grant, MD Deputy Director
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Preston Dunnmon, MD Clinical Reviewer
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Edward Fromm, RPh, RAC Chief, Project Management Staff 
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Office of Biostatistics, Division of Biometrics I
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Office of Clinical Pharmacology, Division of Clinical Pharmacology I
Sudharshan Hariharan, PhD Clinical Pharmacology Team Leader
Martina, Sahre, PhD Clinical Pharmacology Reviewer
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Sarrit Kovacs, PhD Acting Team Leader, COA Staff
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Hunter Gillies, MD Vice President, Clinical Research
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June Lee, MD Chief Operating Officer
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 Clinical Biostatistics Consultant

Consultants

Introduction:
This material consists of our preliminary responses to your questions and any additional 
comments in preparation for the discussion at the meeting scheduled for September 19, 
2017, from 3 pm – 4 pm EST., White Oak Building 22, Conference Room 1311 between 
MyoKardia and the Division of Cardiovascular and Renal Products.  We are sharing this 
material to promote a collaborative and successful discussion at the meeting.  The meeting 
minutes will reflect agreements, important issues, and any action items discussed during 
the meeting and may not be identical to these preliminary comments following substantive 
discussion at the meeting.  However, if these answers and comments are clear to you and 
you determine that further discussion is not required, you have the option of cancelling the 
meeting (contact the regulatory project manager (RPM)).  If you choose to cancel the 
meeting, this document will represent the official record of the meeting.  If you determine 
that discussion is needed for only some of the original questions, you have the option of 
reducing the agenda and/or changing the format of the meeting (e.g., from face to face to 
teleconference).  It is important to remember that some meetings, particularly milestone 
meetings, can be valuable even if the pre-meeting communications are considered 
sufficient to answer the questions.  Contact the RPM if there are any major changes to your 
development plan, the purpose of the meeting, or the questions based on our preliminary 
responses, as we may not be prepared to discuss or reach agreement on such changes at the 
meeting.
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1.0 BACKGROUND

Hypertrophic cardiomyopathy (HCM) is a genetic condition with a prevalence of 1:500, 
characterized by otherwise unexplained left ventricular hypertrophy (LVH). Approximately, 
70% of HCM patients have obstructive hypertrophic cardiomyopathy (oHCM) defined as the 
presence of LV outflow tract (LVOT) gradient ≥ 30 mmHg at rest or with provocation.  
Symptoms of HCM include chest pain, dyspnea, and dizziness, which can limit functional 
capacity.  HCM can result in heart failure, arrhythmias, stroke, and sudden cardiac death.

MYK-461 (6-{[(1S)-1-phenylethyl]amino}-3-(propan-2-yl)-1,2,3,4 tetrahydropyrimidine-2,4- 
dione) is a small molecule cardiac myosin modulator. It is believed MYK-461 binds to and 
stabilizes the weakly bound (“off-actin”) state of myosin in cardiac striated muscle, resulting in a 
concentration-dependent decrease in contractility and left ventricular ejection fraction (LVEF).  
The sponsor (MyoKardia) believes that the reduction in LV contractility, and possible 
improvement in LV compliance, will reduce LVOT obstruction in patients with oHCM. 
MyoKardia is developing MYK-461  in 
patients with oHCM. 

Repeat dose studies in dogs resulted in mortality at doses as low as 0.45 mg/kg/day with 
necropsy results consistent with heart failure.  The dose resulting in mortality was lower in 
longer duration studies. Although plasma concentrations in the dogs that died were not obtained, 
mean plasma concentration in the remaining dogs administered 0.45 mg/kg/day for 90 days was 
about 910 ng/mL.  The NOAEL was about 570 ng/mL, the highest concentration at which 
increases in NT-proBNP (indicating increased LVEDP) were not observed.

In Phase 1 clinical studies, single doses up to 144 mg and multiple doses up to 18.5 mg a day for 
28 days have been studied.  MyoKardia is currently conducting a phase 2 open label study in 
patients with oHCM (MYK-461-004, PIONEER). In Part A of this study 11 patients with 
symptomatic oHCM on no background therapy were administered daily doses of 10 or 15 mg 
depending on body weight for four weeks. Based on change from baseline in LVEF and plasma 
concentrations, the dose was down-titrated or up-titrated to as high as 20 mg for an additional 8 
weeks. One patient discontinued after 4 weeks for an adverse event. In the remaining 10 patients, 
the mean post-exercise LVOT gradient (the primary endpoint) was reduced from 125 mmHg at 
baseline to 19 mmHg at Week 12. Notably, in some patients, gradients remained low 4 weeks 
after discontinuation of the drug (i.e., at Week 16). NT-proBNP levels decreased at 4 weeks in 
most patients but in some subsequently increased, suggesting that LVEDP increased from Week 
4 to Week 12.

MyoKardia proposes conducting a phase 3 study (MYK-461-005, EXPLORER) of 220 patients 
with symptomatic oHCM. Subjects will be randomized 1:1 to MYK-461 to an initial daily dose 
of 5 mg or placebo. The dose will be adjusted at Week 8 based on the results of LVEF by 
transthoracic echocardiogram (TTE) and plasma concentrations measured at Week 6.  The 
primary outcome is change from baseline in peak oxygen uptake as measured during 
cardiopulmonary exercise testing.
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 There should at least one in-person visit to assess symptoms, plasma concentration, 
and possibly LVEF before week 6.  

MyoKardia Response:  We agree to adjust the schedule of events and will decide whether 
the earlier in person visit will be at Week 3 or 4.

 If required, dose reduction should occur as soon as possible after a visit; it should not 
be delayed for two weeks.

MyoKardia Response:  We agree dose reduction will not be delayed for two weeks. 
Required dose reductions will occur immediately based on clinical (symptoms and 
physical exam) and echocardiographic assessments interpreted the clinical site.

 If the dose is down-titrated, the protocol should require an in-person visit two weeks 
later to evaluate cardiac symptoms, NT-proBNP, and LVEF.

MyoKardia Response:  Agree

 While you propose to not increase the dose if the plasma concentration is >  ng/mL 
regardless of LVEF, the protocol should also mandate dose reduction if the plasma 
concentration is excessive. 

MyoKardia Response:  Agree see further discussion below

 The assessments you propose  should be made at Week 12.

MyoKardia Response:  Agree and will adjust the schedule of events based on the points 
stated above.

These recommendations also apply groups 1 and 2 in MYK-461-007.

MyoKardia Response:  We agree and will adjust the schedule of events in protocol MYK-
461-007 to address each of the points above.

Determination of excessive plasma concentrations:
We plan to use plasma concentration as part of a dose reduction procedure based on our 
preclinical and clinical experience with the exposure/response relationship of MYK-461. 
Across species these data are consistent in demonstrating that toxicity is attributable to the 
excessive reduction in contractility that can occur at supratherapeutic levels of MYK-461. 
Based on these data we have selected a limit of  ng/ml beyond which no dose increases 
will be permitted, and a threshold of 1000 ng/ml beyond which the dose will be decreased.

Animal toxicology studies have consistently demonstrated that heart failure toxicity is caused 
by excessive reductions in contractility. However, the level of MYK-461 associated with 
excessive reduction in contractility can vary between species and between healthy subjects 
and patients with oHCM. In the 39-week healthy dog study, LVEF reduction was measured 
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to be 16% and 35% at the mid and high doses, respectively.  No deaths and no signs of heart 
failure were present at these levels. In 13-week dog toxicology studies, the NOAEL group 
(mean plasma concentration 570 ng/ml) had an estimated reduction in LVEF of 44%, and the 
adverse group, where heart failure was observed, had levels that translate to a reduction in 
LVEF of approximately 65%. The PK/PD relationships observed in the 39-week dog study 
and in oHCM patients from PIONEER Part A are plotted in Figure 1 (not in briefing 
document). Patient with oHCM have a 3.6-fold higher IC20 and had an approximately seven 
percent reduction in ejection fraction at 570 ng/ml.

Figure 1

Data from PIONEER Part A suggest that MYK-461 improves hemodynamics in oHCM 
patients at concentrations less than 1000 ng/ml without signs of excessive on target 
pharmacology as assessed by LVEF and NT-pro BNP. Patients in PIONEER received doses 
of 10-20 mg daily for 12 weeks and reached plasma exposures as high as 2020 ng/ml. These 
concentrations were well tolerated with the exception of an adverse event of heart failure 
recorded in one subject at a serum concentration of 1050 ng/ml who developed atrial 
fibrillation with rapid ventricular response in the setting of discontinuation of beta blocker 
and disopyramide at study entry. LVOT gradient was abolished and resting ejection fraction 
remained within the normal range (>50%) in all patients with serum concentration less than 
1000 ng/ml (Figure 10-7). Similarly, no elevations in NT-pro BNP were observed at 
concentrations less than 1000 ng/ml, whereas increases were seen in some patients at higher 
concentrations (Figure 10-12).

Discussion: The Division stated that it is unclear whether the effect of MYK-461 on LV 
function is solely a function of concentration or whether the duration of exposure is also 
important. Referencing figures 10-4 and 10-11 in the background document, the Division 
noted the effects of MYK-461 on LV function and NT-proBNP in study MYK-461-004 
appeared to increase in some subjects between Weeks 4 and 12, although a steady state 
concentration should have been attained or nearly attained by Week 4.  Moreover, the 
effects persisted in some subjects at Week 16, 4 weeks after discontinuation of MYK-461, 
at a time serum concentrations of MYK-461 should have been minimal.  The Division also 
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noted that some data appear to be missing from Figure 10-12, so the effect of MYK-461 
concentration on NT-proBNP is not completely characterized.      

The sponsor agreed to review the above-noted figures and submit revisions.  The Division 
requested MyoKardia prepare and submit: 1) a single figure for all subjects in study 
MYK-461-004 displaying LVEF change and drug concentration versus time; and 2) 
figures displaying LVEF change and drug concentration versus time for individual 
subjects.  Similar figures for NT-proBNP would also be helpful.

The sponsor responded that they plan to modify EXPLORER to augment echocardiography 
with MRI-based LVEF measurements.  The Division stated that MYK-461cannot be 
approved without adequate information about how to dose MYK-461 safely.  The Division 
expressed openness to titration based on some measurement of LVEF, but titrating based in 
whole or in part on serum concentration of MYK-461 or NT-proBNP levels may be required.  
MyoKardia should design MYK-461-005 to obtain the information necessary to determine 
the utility of each.

Question 2:  Does the Division agree that the change from baseline to Week 24 in peak 
oxygen uptake (pVO2) during exercise testing is an appropriate measure of exercise and 
functional capacity to serve as a primary endpoint to support clinical benefit in 
symptomatic oHCM for the Phase 3 study (MYK-461-005)? Furthermore, does the 
Division agree that a 3 mL/kg/min improvement in pVO2 in patients receiving MYK-461 
therapy compared to those receiving placebo is clinically meaningful?
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FDA Response to Question 2:  Yes.

MyoKardia Response to Question 2: Thank you.

Discussion: No discussion occurred.

Question 3:  Does the Division agree that the proposed clinical development plan in 
oHCM patients inclusive of the proposed long-term extension study (MYK-461-007) and 
the proposed placebo-controlled Phase 2 study in nHCM (MYK-461-006) provides a 
safety database sufficient to support submission of an NDA?

FDA Response to Question 3:  No.  
 Your development program needs to be designed to 

identify the lowest dose or exposure required for efficacy in order to minimize the risk of 
patients dying or developing heart failure as a consequence of MYK-461 administration. 
Additionally, your safety data will need to rule out an increase in the risk of CV death and 
CV hospitalization disproportionate to the benefit demonstrated. See also our response to 
question 1.

MyoKardia Response to Question 3:

Lowest Dose or Exposure Required for Efficacy
Preliminary dose ranging data has been obtained from PIONEER parts A & B. Part B was 
specifically designed to explore the lower dose range. Based upon the data from the 
PIONEER study we have identified a plasma concentration > 300 ng/mL as the concentration 
at which the LVOT gradient is effectively reduced at both rest and exercise (Figures 10-3 & 
10-5) while preserving resting and exercise LVEF, reducing NT-pro BNP and improving 
patient symptoms and functional capacity. The data from PIONEER Part B indicate that the 5 
mg dose range is at the lower end of the dose response spectrum, and does not lead to a 
clinically significant decrease in resting or exercise LVEF (even when administered in 
addition to β-blocker therapy), and produces a modest reduction in LVOT gradient (See 
Appendix attached at the end of this document). The PK variability is such that 
individualized dosing is required to ensure that subjects achieve an effective and safe dosage. 

The amended EXPLORER protocol will use a low starting dose of 5 mg with the opportunity 
for dose adjustment based upon a combination of plasma concentration, LVEF, NT-pro BNP 
and clinical symptoms to optimize both safety and efficacy. As above, the initial dose 
titration will occur at a timepoint where PK modeling predicts only a small proportion (less 
than 20%) of subjects will be in the therapeutic dose range.  While no one at these 
concentrations is expected to have an LVEF <50%, additional precautions will be taken to 
ensure patient safety.  Within the first month, patients will be evaluated for signs and 
symptoms of heart failure and an ECG and an echocardiogram to assess LV function will be 
performed.  A blood MYK-461 level will be measured, as will an NT-pro BNP level.  
Patients will be called weekly for the first 6 weeks to assess for symptoms of heart failure, 
and will be instructed to record their daily weight, notifying their clinician should they gain 
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weight consistent with fluid retention, which may be a sign of LV dysfunction.

The long-term effects of MYK-461 on cardiac size and function will be assessed and 
followed in the EXPLORER and long term extension studies using both echocardiography 
and cardiac magnetic resonance (CMR) imaging in a sub-group of patients. CMR will 
provide sensitive longitudinal measures of both LV structure and function and the 
development of myocardial fibrosis (a prognostic measure of cardiac injury and its repair in 
this population). In addition, NT-pro BNP and troponin will be regularly assessed in both 
studies.   

Safety Database
The agency requested that the safety data will need to rule out an increase in risk of CV death 
and CV hospitalization disproportionate to the benefit. The Sponsor would like to discuss 
with the Agency how we may best achieve this goal. 

The estimated cardiac mortality in patients with HCM is < 1% per year (O’Mahony 2014, 
Coats 2013) and rates of major clinical outcomes indicative of morbidity and mortality are 
too low (2.4% per year) (Melacini 2010) to be used as outcome endpoints because of 
prohibitively large sample sizes (n=1900 – 4500) and study duration of 3 years required to 
exclude a hazard ratio of 2. 

Adding relevant adverse clinical outcomes to CV death and CV hospitalization would 
increase our ability to assess the CV safety of MYK-461. We propose the following:

• Atrial Fibrillation
• Stroke
• Syncope

For example, the incidence of a composite endpoint containing elements outlined above may 
be estimated to be approximately 11% per year. A placebo controlled study assessing this 
composite endpoint with 174 - 250 patients observed for 6 months would exclude a hazard 
ratio of 5 – 7 with power =80% (1-sided α=0.025).

Patients, often young and otherwise healthy, meeting inclusion/exclusion criteria for 
EXPLORER will have debilitating symptoms despite standard medical therapy. These 
patients are candidates for septal myectomy or alcohol septal ablation, with the attendant 
risks of these procedures. There is an important unmet need between available medical 
therapy and invasive therapy. MYK-461 has the potential to bridge this gap, substantially 
ameliorating symptoms and enhancing functional capacity without subjecting patients to the 
risks of invasive therapy. Any potential risk of MYK-461 should be weighed against these 
important clinical benefits. 
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In addition to data on a composite endpoint from the EXPLORER study our safety database 
will be augmented by observations in a placebo controlled study of MYK-461 in patients 
with non-obstructive HCM and from observations in our Long Term Extension studies of 
MYK-461 in all HCM patients who elect to enroll. 

Discussion: The Division reiterated that the amount of safety information required will be 
roughly inversely proportional to the benefit demonstrated in phase 3. A demonstration 
that MYK-461 results in a marked improvement in functional capacity and symptoms 
would reduce the amount of safety reassurance required.  For example, enrolling 
refractory patients who are scheduled for septal myectomy or alcohol septal ablation and 
demonstrating that MYK-461 results in avoidance of the procedure would probably 
eliminate a need to assess mortality. If the population studied is at earlier stages of HCM 
where risks for mortality and hospitalization are low, then presumably the absolute risk of 
the drug would be small.  In this scenario, the drug could be approved and labeled for 
patients in earlier stages of the disease who are at low risk for mortality and 
hospitalization without an assessment of mortality and hospitalization.  

The Division stated that the sponsor should request another meeting with the FDA when the 
PIONEER study is completed.

Question 4:  Does the Agency agree that the combination of the efficacy data from the 
proposed single randomized double-blinded placebo controlled Phase 3 EXPLORER study 
supported by the Phase 2 (PIONEER) study is sufficient to support NDA approval?

FDA Response to Question 4:  It is possible that the efficacy data from these 2 studies 
could support filing an NDA.  As currently designed, the safety data is unlikely to be 
adequate (see response to question 3 above).
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2.2. Clinical Pharmacology

Question 7:  Does the Division agree that the planned clinical pharmacology testing 
strategy supports registration of MYK-461 for the proposed indication?

A. Food effect

The effect of food on drug exposure has been estimated in the MAD study in healthy 
subjects (MYK-461-003). One cohort received study drug after an overnight fast on Day 1 
and with a high fat breakfast meal on Day 2. These pilot data indicate a < 15% reduction 
in exposure (Cmax and AUC0-24) when the drug is taken with a high fat meal. Given this 
modest effect, dosing in subsequent clinical trials will be once daily without regard to food 
intake. It has been previously agreed with the Agency that a formal food interaction study 
would be performed with the Phase 3/to be marketed formulation and the results included 
in the NDA. 

Does the Agency concur with this approach?

FDA Response to Question 7a: Yes, we agree that a formal study assessing effect of food 
on the PK of MYK 461 from the to-be-marketed formulation is required for NDA 
submission. If the to-be-marketed formulation is different from the formulation used in the 
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pivotal clinical study, you will also need to assess relative bioavailability between the two 
formulations.

MyoKardia Response to Question 7a: Thank you. 

Discussion: No discussion occurred.

B. ADME / Mass Balance

MyoKardia proposes that the mass balance and metabolic pathways of MYK-461 be 
characterized in a human ADME study using 14C-radiolabeled drug. The goal of the study 
will be to assess the mass balance in urine and stool, as well as metabolite profiling in 
plasma, urine and stool. In vitro metabolism studies indicated that CYP 2C19 appears to be 
responsible for approximately 70% of the metabolism of MYK-461 and that CYP 3A4/5 and 
2C9 may be involved as well. Four metabolites (MYK-1078, MYK-1065, MYK-2210, and 
MYK-2241) have been detected in human plasma from the MAD study (MYK-461-003). 
The exposure of the most abundant metabolite in human plasma (MYK-1078) was less than 
5% of the exposure of MYK-461, and the other metabolites had exposure less than 2% of the 
exposure of MYK-461. These metabolites have similar or less potency than MYK-461 
except for MYK-2241 which has no activity. All four of these metabolites were produced by 
human hepatocytes and human liver microsomes. All metabolites produced by human in 
vitro matrices (hepatocytes and liver microsome preparations) are also produced by rat and 
dog in vitro matrices. While overall clearance is low, metabolism appears extensive with less 
than 1% of the administered drug found unchanged in the urine. 

Does the agency concur with the ADME study as proposed and that no further ADME 
studies will be required for the NDA?

FDA Response to Question 7b: In general, your proposed plan to characterize mass 
balance of MYK-461 is reasonable. The results of the proposed ADME (mass balance) 
study will determine whether additional investigation is necessary. You should complete 
the ADME study prior to initiating your Phase 3 study. Based on the findings from this 
study, prior information about the disposition of the drug, and in vitro assessments of 
metabolic turnover, drug metabolizing enzyme, and transporter assays, you may need to 
conduct studies to assess the potential need for dose adjustment when MYK-461 is 
administered with CYP2C19 or CYP3A4 inhibitors prior to your phase 3 study. 

MyoKardia Response to Question 7b:

Mass Balance Study
In view of the proposed dose titration strategy, we respectfully request clarification from 
the Agency regarding the rationale for requiring the ADME study to be performed prior to 
Phase 3. 

Reference ID: 4168832



We acknowledge the Agency’s concern regarding the safe dosing of MYK-461 when 
administered to patients taking CYP2C19 or CYP3A4 inhibitors.  Moderate and potent 
CYP2C19 and potent CYP3A4 inhibitors are prohibited in the protocol. 
 
We plan to start with a conservative dose to ensure the safety in all patients, and increase 
the dose based on an individual subject’s response (clinical assessment, echocardiography, 
NT-pro BNP) within a maximum allowable drug concentration. Even in the presence of 
decreased metabolism of the drug, this “start low” dosing strategy, with a second visit 
within the first month, will ensure patient safety.

Does the Agency agree that the ADME study could be conducted in parallel with the 
planned Phase 3 study?

The proposed (revised) Phase 3 study is designed to ensure the safety of patients with 
unusually low clearance.

 The dosing strategy employed in the Phase 3 trial is designed to start patients at 5 
mg, a dose shown in PK/PD modeling to yield exposures known to be safe in 
patients with a broad range of PK variability. 

 Pending the results from the ADME study and other investigations, moderate and 
potent CYP2C19 and potent CYP3A4 inhibitors are prohibited in the Phase 3 
study. Patients will be provided with a list of these prohibited drugs and educated 
as to the importance of avoiding them.

 Dose adjustments are based on each patient’s LVEF and gradient response as well 
as plasma drug concentrations, in order to avoid excessive levels.   

 The 5 mg dose is currently being tested in patients receiving beta blockers in 
PIONEER Part B. No patient has been observed to have a reduction in LVEF of 
more than 10% on this dose. 

 It is anticipated that if clinical and echocardiographic patient assessments prove to 
be adequate for guiding dose ascension in Phase 3, drug level monitoring may 
ultimately not be required.

There are no clinically significant interactions with major transporters.

 Data became available last week demonstrating that MYK-461 is not an in vitro 
inhibitor of the human P-gp efflux transporter. It is an in vitro inhibitor of the 
human BSEP efflux (IC50=71 µM), human BCRP efflux (130 µM), OATP1B1 
(IC50=425 µM) and OATP1B3 (IC50=484 µM) uptake transporters, OCT1 
(IC50=171 µM) and OCT2 (IC50=91.3 µM) uptake transporters. But given the 
IC50s and considering that therapeutic dose is 5-15 mg, based on preliminary 
assessment, no vivo DDI studies are needed at this stage. 
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There is no important interaction with moderate CYP 3A4 inhibitors

 The verapamil DDI indicates little if any changes to the PK of MYK-461 with 
moderate 3A4 inhibitors.

Discussion:  The sponsor agreed that there is a concern that concomitant administration 
of CYP2C19 and CYP3A4 inhibitors will increase concentrations of MYK-461. The 
Division agreed with the sponsor’s proposal for excluding moderate and potent 
inhibitors of CYP2C19 and potent CYP3A inhibitors from the phase 3 trial. However, 
Myokardia submitted in vitro data showing that CYP2C19 is the primary enzyme 
involved in the metabolism of MYK-461, so poor metabolizers of CYP2C19 are likely 
to have higher exposures to MYK-461. The Division recommended conducting an 
ADME study prior to initiation of phase 3, to determine the metabolism of MYK-461 in 
humans. MyoKardia stated that the ADME study will be challenging due to the long 
half-life of drug and they intended to conduct it in parallel to phase 3 study. They also 
mentioned that they have some preliminary PK data in CYP2C19 poor metabolizers and 
that the proposed dosing regimen and PK based dose titration is adequate to ensure that 
MYK-461 exposures are below the safety threshold even in CYP2C19 poor 
metabolizers. The Division asked the sponsor to submit any PK data that they have in 
CYP2C19 poor metabolizers and their rationale for dosing in these patients.

In addition, the sponsor mentioned that they have developed a population PK model and 
inquired if the Division would be interested in reviewing the report. The Division 
conveyed its interest in reviewing the modeling report, and stated that their model could 
help find out if PK samples for dose titration could be collected earlier than what is 
currently proposed.  

The Division asked the sponsor if all patients are being genotyped, to which the sponsor 
replied that they are collecting DNA samples in all phase 3 study patients for any post-
hoc assessments but genotyping will not be completed prior to randomization. 

FDA encouraged the sponsor to request another meeting when the data are available for 
review.  

C. Cardiac electrophysiology

The in vitro effects of MYK-461 on cardiac ion channels expressed in mammalian cells 
were evaluated at 1 and 10 μM for the 12 commercially available cardiac ion channels. 
Inhibition on all channels at both concentrations tested was < 10%, indicating a low 
probability for MYK-461 to interact with pro-arrhythmic targets at exposures observed in 
humans. Single 10 mg/kg doses administered to dogs resulted in an acute shortening of the 
QT interval, presumably due to inhibition of the late sodium current (INa) (Section 
10.3.2). This QT shortening persisted for 24 hours after dosing. In contrast to the acute 
QT-shortening effect, prolongation of the QT interval, with a maximal change of 22 ms 
from pre-dose, was observed in beagle dogs 7 days after the administration of a single 10 
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mg/kg dose of MYK-461. Average Day 9 plasma MYK-461 concentration was 540 ng/mL 
after a 10 mg/kg dose.

In clinical studies, a dose-and concentration-dependent increase in QT/QTc has been 
observed in one study, after dosing in the MAD study in healthy subjects (Study MYK-
461-003; see Section 10). No QT/QTc prolongation has been observed in single dose 
studies of healthy subjects (MYK-461-002) or patients with HCM (MYK-461-001). 
Lastly, no QT/QTc prolongation has been seen in the MYK-461-004 Phase 2 study 
(PIONEER) in patients with oHCM despite achieving similar exposures to MYK-461 as 
in Study MYK-461-003 (see Figure 9-1). The reasons for these discordant findings are the 
subjects of current investigations.

Figure 9-1 Change from Baseline in QTcF vs. Plasma MYK-461 Concentration (Study 
MYK-461-004, Part A)*

*Preliminary exploratory model performed by Certara, Princeton NJ.
Note: The red line represents the model estimated placebo corrected relationship between concentrations and 
QTcF and the shaded area indicates 95% confidence intervals (CIs). Circles are observed values.

A QTc concentration response model has been built based on the data from Study MYK-461-
003 and appears to predict the effect of the drug on QTcF in healthy subjects with good 
precision. For example, at a concentration of 1000 ng/mL, the mean predicted QTcF increase 
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is 12 ms with a 95%ile upper confidence limit of 16 ms (see Figure 9-2). Given these data, 
the performance of a classic “thorough QT study” is unlikely to result in additional insight 
into the effect of multiple doses in healthy subjects. Instead, QT/QTc intervals will be 
measured at frequent time points during the conduct of the Phase 3 study, MYK-461-005, to 
evaluate QT in patients with oHCM. Moreover, any AEs that may be potentially linked to 
QT prolongation (e.g. Torsade de Pointe, cardiovascular or sudden deaths, ventricular 
tachycardia, ventricular fibrillation and flutter, syncope, seizures) will be analyzed and 
compared to the frequency of their occurrence in the placebo group. Patients will also 
undergo monitoring for arrhythmias using the Zio®XT device as described in the MYK-461-
005 protocol. Patients with implanted ICDs will have their devices interrogated for recorded 
arrhythmias, both treated and spontaneously resolved, at the beginning and end of the 
randomized treatment period, as well as after any clinical event suspected to be
arrhythmia-related. Lastly, an independent data monitoring committee (IDMC) will 
analyze unblinded safety data periodically to further ensure patient safety.

Figure 9-2 QTcF Change vs Plasma MYK-461 Concentration in Healthy Subjects (Study 
MYK-461-003)*

*Preliminary exploratory model performed by Certara, Princeton NJ.

Note: The red line represents the model estimated placebo corrected relationship between 
concentrations and QTcF and the shaded area indicates 95% confidence intervals (CIs). 
Squares are the means of placebo corrected observed QTcF change from baseline binned 
by plasma concentrations, and the error bars represent 95% prediction intervals (PIs).
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Does the Agency agree that the above proposal for assessment of effects of MYK-461 
on QTc prolongation and related ventricular arrhythmias in the placebo-controlled 
Study MYK-461-005 without a separate study dedicated to the assessment of QTc 
planned at this time?

FDA Response to Question 7c: We agree that a dedicated QT study is not necessary for 
MYK-461 because the data submitted suggest that MYK-461 is a QTc prolonger and you 
will therefore need to collect ECGs in your future trials to ensure patient safety. The timing 
of ECG collection should be guided by the pharmacokinetics of your drug, and any major 
metabolites, and include Tmax after the first dose, at steady-state and periodically thereafter.

MyoKardia Response to Question 7c: Thank you.

Discussion: No discussion occurred.

D. Drug interactions

As mentioned earlier, the metabolism of MYK-461 appears to occur predominantly 
through CYP2C19, likely with 3A4/5 and 2C9 involvement. Given that verapamil and 
diltiazem, both moderate 3A4 inhibitors, and can be administered to patients with HCM, a 
DDI study with verapamil (MYK-461-009) has been performed in subject with the 
extensive CYP2C19 metabolizer genotype. Preliminary data (Table 9-4) indicate that 
AUC for MYK-461 was not affected by the coadministration of verapamil whereas Cmax 
after a single dose was approximately 50% higher. It is expected that these data will not 
change in the final analysis and that the proposed Phase 3 study protocol (Study MYK-
461-005) will be amended to allow the use of verapamil or diltiazem.

Table 9-4 PK Summary (Study MYK-461-009)

MYK-461 MYK + Verapamil
MYK +

Verapamil/MYK-461
Parameter N GM 95% CI N GM 95% CI GMR 90% CI

AUC(0-
last) 

11 15350 (12171,19361) 10 17413 (13524,22420) 1.134 (0.852,1.510)

AUC(0-inf) 
(h*ng/mL)

11 16235 (12582,20949) 10 18759 (14212,24760) 1.155 (0.844,1.582)

Cmax 
(ng/mL)

11 328 (261,411) 11 497 (395,626) 1.518 (1.160,1.985)

Half-Life 
(h)

11 141 (117,170) 10 153 (125,188) 1.088 (0.861,1.374)

Currently, patients receiving strong and moderate CYP2C19 inhibitors as well as strong 
CYP3A4 inhibitors are excluded from participation in clinical trials. A proposed DDI 
study with a strong 2C19 inhibitor will determine whether this prohibition may be lifted. 

Reference ID: 4168832



A physiology-based PK (PBPK) model will be developed combining results from the DDI 
study with verapamil and that with a strong CYP2C19 inhibitor. The exposure to MYK-
461 after administration of a strong CYP2C19 inhibitor together with the PBPK model 
will produce an estimate of any increased exposure that may be expected in poor 
CYP2C19 metabolizers. To date, the experience with this subpopulation has been very 
limited. An analysis of data from the MYK-461-002 and MYK-461-003 studies indicate 
that clearance (CL/F) in CYP2C19 intermediate metabolizers and the one poor 
metabolizers averaged approximately 2-fold lower as compared to the average CL/F in 
CYP2C19 extensive metabolizers. However, there was a wide range of CL/F values 
observed in extensive metabolizers with mostly complete overlap with the 
intermediate/poor metabolizers.

Lastly, a proposed DDI study with oral contraceptives is planned in light of nonclinical 
data indicating possible CYP3A4 induction by MYK-461 even though no effect was 
observed on 4-betahydroxycholesterol plasma levels after the administration of 25 mg 
daily over 3 weeks. Pending the results of this DDI study, patients are reminded that oral 
contraceptives are not considered an effective form of contraception when MYK-461 is 
coadministered. Depending on the results of the oral contraceptive DDI study and PBPK 
modeling, a CYP3A4 induction DDI study on a more sensitive substrate (e.g. midazolam) 
may be performed.

MYK-461 is considered a Biopharmaceutics Classification System (BCS) Class II 
compound based on its poor solubility in water and high membrane permeability. In vitro 
transporter studies are ongoing. In Caco-2 cells there is no indication that MYK-461 is 
transported by p-glycoprotein (P-gp). In hepatocyte, MYK-461 is not considered as a 
substrate of main hepatic transporter (organic anion transporting polypeptides [OATPs], 
organic cation transporters [OCTs] and sodium taurocholate co-transporting polypeptide 
[NTCP]). In vitro studies are ongoing to assess the potential of MYK-461 to inhibit 
transporters. The need for transporter interaction studies in human will be guided by the 
preclinical data. 

Does the Agency agree that the proposed studies would be adequate to support an 
NDA? Furthermore, does the Agency agree that the preliminary results presented 
from the MYK-461-009 study allow the inclusion of verapamil and diltiazem in the 
proposed Phase 3 study (EXPLORER)?

FDA Response to Question 7d: Your plan of performing drug interaction studies with a 
strong CYP2C19 inhibitor, oral contraceptives, and a CYP3A4 induction (midazolam 
study) is reasonable. Since the DDI study with a moderate CYP3A4 inhibitor did not show 
considerable impact on PK of MYK-461, a DDI study with a strong inhibitor is also 
needed. The results of the ADME study will also determine whether you need to perform 
any additional DDI studies. Based on the outcome of ongoing in vitro transporter studies, 
you may need to perform additional clinical DDI assessments. Please also see the 
comment to question 7b, regarding timing of DDI studies.

MyoKardia Response to Question 7d: Thank you, see response to 7b.
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Discussion: No discussion occurred.

E. Renal impairment study

As discussed at the previous Type B meeting with the Agency, a clinical renal impairment 
study is not planned at this time. MYK-461 is cleared through extensive metabolism by 
CYP2C19, with contribution from 2C9 and 3A4/5 with less than 1% of the administered 
drug found unchanged in the urine. Importantly, the dosing strategy consists of a low 5 mg 
starting dose in all subjects (see Section 10.1.5.1). Based on the observed and predicted 
exposure (Appendix 1), this dose is expected to be suitable in subjects with reduced 
clearance. The dose modification (increase or decrease) is based on the therapeutic 
response indicated by the LVOT gradient measured by Doppler echocardiography and 
safety parameters (clinical AEs, LVEF). Hence, an a priori dose reduction for subjects 
with reduced clearance due to any reason, including renal impairment, would not be 
required. 

Does the agency agree that this approach without a separate dedicated study in 
patients with impaired renal function is adequate to support an NDA?

FDA Response to Question 7e: In general, we agree with your proposed plan, if the 
results of ADME study corroborate the assumptions that were made based on fraction of 
drug excreted in urine.

MyoKardia Response to Question 7e: Thank you.

Discussion: No discussion occurred.

F. Hepatic impairment study

 A clinical hepatic impairment study is not planned at this time The Phase 3 MYK-461-005 
protocol excludes patients with moderate or severe intrinsic hepatic impairment and the 
label is expected to reflect this. 

Does the agency agree that this approach is adequate to support an NDA and that a 
separate dedicated study in patients with impaired hepatic function would not be 
conducted at this time and that this would be reflected in the label?

FDA Response to Question 7f:  This will depend on the results of your ADME study and 
the frequency of hepatic impairment in the targeted population.

MyoKardia Response to Question 7f: Thank you, see responses to 7b.

Discussion: No discussion occurred.
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we are concerned about the potential for patients with CYP2C19 poor metabolizer status to 
have high exposure . 
Therefore, we would like you to provide more detailed information regarding the potential to 
exceed the  ng/mL in vulnerable subpopulations.

MyoKardia Response to Question 7g: Our rationale for targeting MYK-461 concentration 
levels is outlined in our response to question #1. The low starting dose and close 
monitoring allow 2C19 poor metabolizers to be safely dosed using the EXPLORER 
paradigm. The relative contribution of various CYP enzymes is summarized in the table 
below. This data was obtained from combination of in vitro methods including 
hepatocytes and recombinant CYP enzymes.

     Relative contribution of human CYP enzymes to metabolism of MYK-461
CYP % contribution

CYP2C19 75.9%

CYP3A4 16.4%

CYP2C9 7.5%

CYP2J2 0.2%

2.3. Nonclinical

Question 8:  Does the Division agree that the nonclinical safety pharmacology and 
toxicology studies completed/planned are sufficient to support registration of MYK-461 for 
the treatment of patients with symptomatic oHCM?

FDA Response to Question 8:  Yes

MyoKardia Response to Question 8: Thank you.

Discussion: No discussion occurred.

Question 9:  Does the Agency agree with the nonclinical plan to assess MYK-461 and 
metabolites MYK-1078 for direct effects in vitro that could be related to prolongation of 
QTc?

FDA Response to Question 9:  Yes

MyoKardia Response to Question 9: Thank you.
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Discussion: No discussion occurred.

FDA Additional Comments

 Improvement in peak oxygen uptake is correlated with improvement in cardiac index. It 
is possible that some level of LVEF reduction may be overdriven by positive lusitropic 
effects of MYK-461, potentially resulting in stroke volume augmentation and an 
improvement in overall cardiac index. You may wish to consider sequential assessments 
of cardiac index in your clinical development program. 
MyoKardia Response: Sequential assessments of stroke volume will be performed in the 
EXPLORER study population by echocardiogram and CMR. Cardiac index will be 
calculated as the product of stroke volume index and heart rate. 

Discussion: No discussion occurred.

 In EXPLORER-HCM, you propose as a secondary endpoint the “Change from baseline 
to  in exercise capacity.” Please clarify how you intend to assess exercise 
capacity.
MyoKardia Response: Sequential assessments of stroke volume will be performed in the 
EXPLORER study population by echocardiogram and CMR. Cardiac index will be 
calculated as the product of stroke volume index and heart rate. 

Discussion: No discussion occurred.

3.0 OTHER IMPORTANT MEETING INFORMATION

PREA REQUIREMENTS

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for new 
active ingredients, new indications, new dosage forms, new dosing regimens, or new routes of 
administration are required to contain an assessment of the safety and effectiveness of the 
product for the claimed indication(s) in pediatric patients unless this requirement is waived, 
deferred, or inapplicable.

Please be advised that under the Food and Drug Administration Safety and Innovation Act
(FDASIA), you must submit an Initial Pediatric Study Plan (PSP) within 60 days of an End of
Phase (EOP2) meeting. The PSP must contain an outline of the pediatric study or studies that
you plan to conduct (including, to the extent practicable study objectives and design, age groups,
relevant endpoints, and statistical approach); any request for a deferral, partial waiver, or waiver,
if applicable, along with any supporting documentation, and any previously negotiated pediatric
plans with other regulatory authorities. The PSP should be submitted in PDF and Word format.
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For additional guidance on the timing, content, and submission of the PSP, including a PSP
Template, please refer to the draft guidance for industry, Pediatric Study Plans: Content of and
Process for Submitting Initial Pediatric Study Plans and Amended Pediatric Study Plans at:
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/U
CM360507.pdf. In addition, you may contact the Pediatric and Maternal Health Staff at 301-
796-2200 or email pdit@fda.hhs.gov. For further guidance on pediatric product development,
please refer to:
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/ucm049867.ht
m.

DATA STANDARDS FOR STUDIES

CDER strongly encourages IND sponsors to consider the implementation and use of data 
standards for the submission of applications for investigational new drugs and product 
registration. Such implementation should occur as early as possible in the product development 
lifecycle, so that data standards are accounted for in the design, conduct, and analysis of clinical 
and nonclinical studies. CDER has produced a web page that provides specifications for sponsors 
regarding implementation and submission of clinical and nonclinical study data in a standardized 
format. This web page will be updated regularly to reflect CDER's growing experience in order 
to meet the needs of its reviewers. The web page may be found at:
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/FormsSubmissionRequirements/Electr
onicSubmissions/ucm248635.htm

LABORATORY TEST UNITS FOR CLINICAL TRIALS

CDER strongly encourages IND sponsors to identify the laboratory test units that will be 
reported in clinical trials that support applications for investigational new drugs and product 
registration. Although Système International (SI) units may be the standard reporting mechanism 
globally, dual reporting of a reasonable subset of laboratory tests in U.S. conventional units and 
SI units might be necessary to minimize conversion needs during review.
Identification of units to be used for laboratory tests in clinical trials and solicitation of input 
from the review divisions should occur as early as possible in the development process. For more 
information, please see CDER/CBER Position on Use of SI Units for Lab Tests
(http://www.fda.gov/ForIndustry/DataStandards/StudyDataStandards/default.htm ).

SUBMISSION FORMAT REQUIREMENTS

The Electronic Common Technical Document (eCTD) is CDER and CBER’s standard format for 
electronic regulatory submissions.  As of May 5, 2017, the following submission types: NDA, 
ANDA, and BLA must be submitted in eCTD format.  Commercial IND and Master File 
submissions must be submitted in eCTD format beginning May 5, 2018.  Submissions that do 
not adhere to the requirements stated in the eCTD Guidance will be subject to rejection.  For 
more information please visit: http://www.fda.gov/ectd. 

PATIENT-FOCUSED ENDPOINTS
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An important component of patient-focused drug development is describing the patient’s 
perspective of treatment benefit in labeling based on data from patient-focused outcome 
measures [e.g., patient-reported outcome (PRO) measures].  Therefore, early in product 
development, we encourage sponsors to consider incorporating well-defined and reliable patient-
focused outcome measures as key efficacy endpoints in clinical trials, when appropriate, and to 
discuss those measures with the Agency in advance of confirmatory trials.  For additional 
information, refer to FDA’s guidance for industry Patient-Reported Outcome Measures: Use in 
Medical Product Development to Support Claims, available at 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/U
CM193282.pdf. 

NEW PROTOCOLS AND CHANGES TO PROTOCOLS

To ensure that the Division is aware of your continued drug development plans and to facilitate 
successful interactions with the Division, including provision of advice and timely responses to 
your questions, we request that the cover letter for all new phase 2 or phase 3 protocol 
submissions to your IND or changes to these protocols include the following information:

1. Study phase
2. Statement of whether the study is intended to support marketing and/or labeling changes
3. Study objectives (e.g., dose finding)
4. Population
5. A brief description of the study design (e.g., placebo or active controlled) 
6. Specific concerns for which you anticipate the Division will have comments
7. For changes to protocols only, also include the following information: 

 A brief summary of the substantive change(s) to the protocol (e.g., changes to 
endpoint measures, dose, and/or population) 

 Other significant changes
 Proposed implementation date

We recommend you consider requesting a meeting to facilitate discussion of multiple and/or 
complex issues.  
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