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	Name of Sponsor/Company: Stealth BioTherapeutics Inc.
Name of Finished Product: Elamipretide
Name of Active Ingredient: MTP-131

	Title of Study:
A Phase 2 Randomized, Double-Blinded, Placebo-Controlled Study to Evaluate the Effects of 4 Weeks Treatment with Subcutaneous Elamipretide on Left Ventricular Function in Subjects with Stable Heart Failure with Preserved Ejection Fraction

	Investigators:
Nine Investigators at study centers that consented at least 1 subject.

	Study Centers:
Nine study centers in 2 countries in Europe (Germany and Serbia) consented at least 1 subject.

	Publication (Reference):
None

	Study Period:
24 August 2016 (First Subject Enrolled) – 
04 May 2017 (Last Subject Completed)
	Phase of Development:
2

	Background and Rationale for the Study: 
[bookmark: _Hlk53231753][bookmark: _Hlk53233012]Heart failure has a prevalence of up to 22% in elderly populations and, with the continued growth of Western civilization, is projected to rise in prevalence by 50% over the next 10 to 15 years. In spite of significant advances in our understanding and treatment of heart failure, this syndrome remains a major public health problem, and is a major cause of mortality and morbidity in developed and developing countries alike. Heart failure with preserved ejection fraction (HFpEF) currently accounts for more than 50% of all heart failure cases in Western societies and shows rising incidence. Among HFpEF populations, the rate of cardiovascular mortality is high, reaching an annual mortality rate of up to 22%. In contrast to heart failure with reduced ejection fraction (HFrEF), untargeted therapies with angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor antagonists have yielded disappointing results, and currently no evidence-based therapy exists for this disorder with multiple underlying pathophysiologies.
[bookmark: _Hlk53231718]Elamipretide, with its multi-organ beneficial actions on function and metabolism in animal and in vitro models, is a promising candidate for targeting the complex interplay of factors that ultimately result in clinical heart failure. The potential of elamipretide to treat the multiple organs systems and organelles that contribute to the heart failure state represents an important opportunity to address a critical and unmet clinical need.

	Objectives:
Primary:
To evaluate the effects of 4 weeks of daily subcutaneous (SC) administration of elamipretide on the ratio between early mitral inflow velocity and mitral annular early diastolic velocity (E/e’) at rest as assessed by transthoracic echocardiography.
Secondary:
To evaluate the effects of 4 weeks of daily administration of elamipretide on:
E/e’ during stress as assessed by transthoracic echocardiography.
Left ventricular (LV) systolic global longitudinal strain (GLS) at rest and during submaximal stress.
6-minute walking distance.
N-terminal pro-brain natriuretic peptide (NT-proBNP), log-transformed.
To evaluate the safety profile of elamipretide in this subject population (including tolerability assessed by injection site reaction [ISR] questionnaire).
Exploratory:
To evaluate the effects of 4-week administration of elamipretide on:
Changes from baseline in direct and indirect measures of LV structure and function (resting and submaximal stress echocardiography): Left ventricular end-systolic volume index (LVESVI), left ventricular end-diastolic volume index (LVEDVI), left ventricular ejection fraction (LVEF), stroke volume, LV mass, average e’, left atrial volume index (LAVI), and tricuspid regurgitation (TR) velocity.
Quality of Life (SF-36) – limited to Sections 1 (physical functioning), 3 (physical role), and 7 (vitality).
Biomarkers: cystatin C, urinary neutrophil gelatinase-associated lipocalin (NGAL), and troponin T.

	Methodology:
This was a randomized, double-blind, placebo-controlled study in subjects with stable HFpEF. After completing the Screening period, approximately 46 subjects were to be randomized, in a 1:1 ratio, to receive either 40 mg elamipretide once daily or placebo for 28 consecutive days on top of usual care (including risk factor control and symptomatic therapy according to current guidelines).
Each treatment group went through 3 distinct periods: Screening, Treatment, and Follow-up. The Screening visit determined subject study eligibility and began with the signature of the informed consent form (ICF). The Screening period could last up to 7 days. Tests and assessments were performed, including a complete medical history, medication history, physical examination, safety assessments (vital signs, clinical laboratory tests, 12-lead electrocardiogram [ECG]), and heart function tests.
During the Treatment period, subjects reported to the study site (or a visiting nurse went to the subject’s home) for Visit 1 (Baseline Day 1), Visit 2 (Baseline Day 2/Randomization Visit), Visit 3 (Day 7), and Visit 4 (Day 14). For Visit 5 (Day 28), the subject was required to report to the study site. Tests and assessments were performed, including a limited SF-36 questionnaire, a 6-minute walk test (6MWT), and adverse event (AE) assessments.
The Follow-up period began after completion of Visit 5. On Visit 6 (Day 35), subjects reported to the study site (or a visiting nurse went to the subject’s home). Tests and assessments were performed, and safety was assessed.
The study drug was administered by a qualified study nurse or visiting nurse on a daily basis either at the subject’s home or at the hospital, depending on specific requests of Competent Authorities, Ethics Committees, and/or the subject. Hospital visits were compulsory for all sites in Serbia.
[bookmark: _Hlk17817222]All echocardiographic data at each site were to be collected by 1 sonographer who employed the same equipment and viewing window across subjects. Echocardiographic images were centrally analyzed by a core laboratory (Echocardiography Core Lab, Charité Universitaetsmedizin Berlin, Berlin, Germany).
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	Number of Subjects (Planned and Analyzed):
Approximately 46 subjects were initially planned to be randomized/enrolled in the study; a total of 47 subjects were randomized and treated; and 45 subjects completed the study. A total of 47 subjects were analyzed for efficacy in the modified intention-to-treat (mITT) population and 47 subjects were analyzed for safety in the safety population.

	Diagnosis and Main Criteria for Inclusion and Exclusion:
Male and female subjects aged ≥ 45 and ≤ 80 years with symptomatic heart failure (ie, New York Heart Association [NYHA] II or III) due to HFpEF for at least 6 months and evidence of HFpEF: LVEF ≥ 45% and E/e’ ≥ 10 and NT-proBNP ≥ 220 pg/mL (sinus rhythm) or ≥ 600 pg/mL (atrial fibrillation) with an exercise‑induced increase in E/e’ of at least 1.5 units during stress echocardiography assessment. Heart failure had to be considered stable with no hospitalization for HFpEF and with no changes in dose regimen of pharmacologic treatment for heart failure within 1 month.

	Investigational Medicinal Product (IMP), Dose and Mode of Administration, Batch Number:
Elamipretide (MTP-131) was supplied as 40 mg/1 mL of sterile solution for SC injection. Elamipretide 40 mg was administered as a once daily SC injection.
Lot number: 1-FIN-2390

	Placebo, Dose and Mode of Administration, Batch Number:
The placebo for this trial was composed of the excipients used to manufacture the IMP but without the active drug substance. The placebo was handled and administered identically to the active drug.
Lot number: 1-FIN-2385

	Duration of Treatment:
28 days

	
Criteria for Evaluation/Endpoints:
Primary Endpoint
Changes in E/e’ at rest as assessed by transthoracic echocardiography between baseline and Visit 5 (28 days).
Secondary Endpoints
Changes in E/e’ during submaximal stress assessed by transthoracic echocardiography between baseline and Visit 5.
Changes from baseline in LV systolic GLS at rest and during submaximal stress (transthoracic echocardiography).
Adverse events (including tolerability assessed by ISR questionnaire).
Changes from baseline in walking distance (6MWT).
Changes from baseline in log-transformed NT-proBNP.
Exploratory Endpoints
Changes from baseline in:
SF-36 questionnaire – limited to Sections 1 (physical functioning), 3 (physical role), and 7 (vitality).
Direct and indirect measures of LV structure and function (resting and submaximal stress echocardiography):
LVESVI
LVEDVI
LVEF
Stroke volume
LV mass
Average e’
LAVI
TR velocity
Biomarkers: cystatin C, urinary NGAL, troponin T.

	Statistical Methods:
Statistical analysis was to be performed in the following populations:
· Safety population. Included all study subjects who received at least 1 dose of IMP. Subjects were analyzed according to the treatment received.
· Modified intention-to-treat (mITT) population. Included all study subjects who received at least 1 dose of IMP. Subjects were analyzed according to the treatment group to which they were randomized. Two subjects were excluded from the efficacy analyses prior to unblinding due to insufficient data post randomization. 
· Per-protocol (PP) population. Included all subjects who completed the study without a major protocol deviation.
The primary, secondary, and exploratory endpoints were analyzed using the mITT population. Safety endpoints were analyzed based on the safety population. Though defined as an analysis population in the statistical analysis plan, the PP population was not utilized for any efficacy analyses.
Data were summarized using descriptive statistics (number of subjects, mean, median, standard deviation, minimum, and maximum) for continuous variables and using frequencies and percentages for categorical variables. Data are presented by treatment group, as appropriate.
The analysis of the primary endpoint, the change from baseline to Day 28 for the septal E/e’ at rest, was based on an analysis of covariance (ANCOVA) with treatment group (elamipretide vs placebo) as a fixed factor, and corresponding baseline values from Visit 1 (Day 1) as covariates. The same model as for the septal E/e’ was applied for the average E/e’ and lateral E/e’ as sensitivity analyses. Septal E/e’ at baseline, atrial fibrillation at baseline, estimated glomerular filtration rate (eGFR) status at baseline (< 60 mL/min/1.73m2 vs ≥ 60 mL/min/1.73m2), country (Germany vs Serbia), and weight at baseline were used as covariates for this model.
Continuous secondary efficacy endpoints were analyzed using the same ANCOVA model as for the primary analysis of the primary endpoint. Data were analyzed based upon the mITT population.
Safety data analysis was conducted on all subjects in the safety population. Serious adverse events (SAEs) and AEs were recorded and are reported as appropriate throughout the study. The number and percentage of subjects experiencing 1 or more treatment-emergent adverse events (TEAEs) was summarized by treatment group, relationship to study drug, and severity. Adverse events were coded using Medical Dictionary for Regulatory Activities (MedDRA) terminology. Listings of subjects who experienced withdrawal due to a TEAE, SAE, and/or death are presented. Laboratory parameters were summarized using descriptive statistics by visit and by presenting shifts from baseline to endpoint where appropriate, and data listings of clinically significant abnormalities. Vital signs and ECG data were summarized using descriptive statistics and presenting changes from baseline values by treatment group.
Separate analyses were also performed according to the following subgroups:
eGFR < 60 mL/min/1.73m2 vs ≥ 60 mL/min/1.73m2.
Male vs female.
Presence of diabetes (Type 1 or Type 2) vs absence of diabetes.
Presence of hypertension at baseline vs absence of hypertension at baseline.
Presence of atrial fibrillation vs absence of atrial fibrillation.
Age > 70 years vs age ≤ 70 years.
LVEF > 50% vs LVEF ≤ 50% at baseline.
Septal E/e’ > 15 vs septal E/e’ ≤ 15 at baseline.

	[bookmark: _Hlk17805818]Summary – Conclusions:
Demographics and Subject Disposition: 
A total of 45 subjects completed the study and 2 subjects were withdrawn prematurely (1 subject in the elamipretide group due to patient request and 1 subject in the placebo group due to withdrawal of consent).
The treatment groups were well matched overall with regards to demographic and other baseline characteristics. The median age of all subjects was 72 years (range 56 to 82 years). Forty‑four subjects (93.6%) were White, 1 subject (2.1%) was Asian, 1 subject (2.1%) was reported as “other” race, and race was not available for 1 subject (2.1%). Thirty-one subjects (66.0%) reported exertional dyspnea compatible with NYHA Class II, and 16 subjects (34.0%) with NYHA Class III. 
Efficacy Results:
The primary endpoint septal E/e’ at rest after 28 days as assessed by transthoracic echocardiography in the mITT population was not achieved, but elamipretide-treated subjects exhibited a reduction in this measurement compared with placebo-treated subjects (mean treatment effect ± SE: ‑0.9 ± 0.77; p = 0.3466).
Sensitivity analyses demonstrated that elamipretide reduced average E/e’ at rest (mean treatment effect ± SE: ‑0.4 ± 0.97, p = 0.6683) and lateral E/e’ at rest (mean treatment effect ± SE: ‑1.4 ± 0.98, p = 0.5970) after 28 days, but the change was not statistically significant.
Secondary efficacy analyses conducted on the mITT population indicated:
· Elamipretide treatment led to a marked reduction in septal E/e’ (mean treatment effect ± SE: -1.5 ± 1.09, p = 0.200), a reduction in average E/e’ (mean treatment effect ± SE: ‑1.7 ± 0.76, p = 0.504), and a reduction in lateral E/e’ (mean treatment effect ± SE: ‑1.8 ± 0.74, p = 0.867) at maximal workload after 28 days, but the changes did not reach statistical significance.
· Elamipretide did not change GLS at rest (mean treatment effect ± SE: 0.4 ± 0.55, p = 0.477), but a marked change occurred during maximal workload (mean treatment effect ± SE: -3.1 ± 1.28, p = 0.170) after 28 days, but the changes did not achieve statistical significance.
· Elamipretide did not change walking distance during 6MWT (mean treatment effect ± SE: 25.5 ± 11.45, p = 0.679) after 28 days.
· [bookmark: _Hlk11722353]Elamipretide did not change log-transformed NT-proBNP (mean treatment effect ± SE: 0.1 ± 0.11, p = 0.952) after 28 days.
Safety Results: 
Once daily SC administration of elamipretide at a dose of 40 mg was generally safe and well tolerated in subjects with HFpEF during this 4-week trial. Elamipretide was not associated with a higher percentage of moderate or severe AEs, but local intolerance reactions were more common in the elamipretide group.
· The overall incidence of subjects who experienced at least 1 TEAE during the study was higher in the elamipretide group (60.9% of subjects) compared with the placebo group (25.0% of subjects).
· The most common AEs in the elamipretide group were all injection site related, including injection site erythema (5 subjects, 21.7%), application site erythema (4 subjects, 17.4%), injection site swelling (4 subjects, 17.4%), and injection site pruritus (2 subjects, 8.7%). In the placebo group, no TEAEs occurred in more than 1 subject.
· One subject in the placebo group experienced SAEs of acute myocardial infarction and subsequent sudden death during the study. There were no deaths, SAEs, or discontinuations due to TEAEs in the elamipretide group.
· One subject in the elamipretide group experienced severe TEAEs (application site erythema and application site edema) and 4 subjects overall experienced moderate TEAEs (bronchitis and influenza in 1 placebo subject and renal impairment, hepatic enzyme increased, and dyspnea in 3 elamipretide subjects).
· TEAEs considered by the Investigator to be to be related to study treatment were reported more frequently for subjects in the elamipretide group (52.2%) compared with the placebo group (8.3%). Treatment-related TEAEs in the elamipretide group were most commonly application site or injection site reactions (eg, erythema, swelling, pruritus).
· Analyses of clinical laboratory data and other safety data (vital signs, ECGs, and physical examinations) did not identify any clinically relevant findings with elamipretide treatment.
Conclusion:
· Elamipretide administered subcutaneously at a dose of 40 mg once daily over 28 days reduced E/e’ at rest in subjects with HFpEF, but the effect did not achieve statistical significance.
· Elamipretide more markedly improved E/e’ and GLS during exercise, but no improvements were detected with walking distance or NT-proBNP.
· Elamipretide was not associated with a higher percentage of moderate or severe AEs, but local intolerance reactions were more common in the elamipretide group.

	Date and Version of Report:
Final CSR, 28 September 2020
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