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	Title of the Study: 
	A Phase 3 Randomized, Double-Blind, Parallel-Group, Placebo-Controlled Trial to Evaluate the Efficacy and Safety of Daily Subcutaneous Injections of Elamipretide in Subjects with Primary Mitochondrial Myopathy Followed by an Open-Label Treatment Extension

	Investigator(s)/Study Center(s):
	Multicenter; 27 sites in Canada, Denmark, Germany, Hungary, Italy, the United Kingdom, and the United States (US)

	Publication(s):
	Not applicable

	Study Period:
	09 Oct 2017 (First subject’s informed consent date)
Part 1: 03 Nov 2017 (First subject’s dose date) to 04 Nov 2019 (Last subject’s last visit or contact)
Part 2: 30 Apr 2018 (First subject’s dose date) to 10 Feb 2020 (Last subject’s last visit or contact).
	Clinical Phase:
	Phase 3

	Objectives: 
Part 1
Primary:
To evaluate the effect of single daily subcutaneous (SC) doses of 40 mg elamipretide administered with the elamipretide delivery system (the investigational medicinal product [IMP; elamipretide or placebo], the elamipretide pen injector, and needle) for 24 weeks on the:
· Distance Walked on the 6-Minute Walk Test (6MWT)
· Total Fatigue on the Primary Mitochondrial Myopathy Symptom Assessment© (PMMSA)
Secondary:
To evaluate the effect of single daily SC doses of 40 mg elamipretide administered with the elamipretide delivery system for 24 weeks as measured by changes in the:
· Fatigue During Activities on the PMMSA
· Quality of Life in Neurological Disorders (Neuro-QoL) Short Form Fatigue
· Most bothersome symptom on the PMMSA
· Neuro-QoL Fatigue activities of daily living (specific items from the Neuro-QoL Item Bank)
To evaluate the safety and tolerability of single daily SC doses of 40 mg elamipretide administered with the elamipretide delivery system for 24 weeks.
Exploratory:
To evaluate the effect of single daily SC doses of 40 mg elamipretide administered with the elamipretide delivery system for 24 weeks as measured by changes in the:
· Individual symptoms on the PMMSA
· Alternate version of the PMMSA Total Fatigue Score
· Individual items on the Neuro-QoL Fatigue
· EuroQoL-5 dimensions-5 levels (EQ-5D-5L)
· Patient Global Impression (PGI) Scales
· Clinician Global Impression (CGI) Scales
Pharmacokinetic (PK):
To evaluate the PK of elamipretide
Part 2
To assess the long-term safety and tolerability of single daily SC doses of 40 mg elamipretide administered with the elamipretide delivery system for up to 144 weeks

	Methodology: 
Part 1
Part 1 of this trial was a 24-week, randomized, double-blind, parallel-group, placebo-controlled assessment of the efficacy and safety of single daily SC doses of 40 mg elamipretide vs. placebo, administered with the elamipretide delivery system, as a treatment for subjects with Primary Mitochondrial Myopathy (PMM). 
Subjects who completed Screening and continued to meet all trial requirements were randomized 1:1 to 40 mg elamipretide or placebo and entered into the Treatment Period. Randomization was stratified by the subclassification of the genetic abnormality determined to be the primary cause of the subject’s PMM by the Adjudication Committee.
The Treatment Period began on the day of the Baseline Visit, defined as Day 1, and lasted for 24 weeks. Subjects (and caregivers if needed) were trained on the procedure for administration of the elamipretide delivery system and recording of the IMP administration daily in the electronic or paper diary. Subjects returned to the clinical center/investigational site for the Week 4, Week 12, and Week 24 Visits for assessments, to administer IMP, and to return all used IMP supplies. Assessments included review of adverse events (AEs) and concomitant medications/procedures, physical examination, vital signs, electrocardiogram (ECG), Columbia-Suicide Severity Rating Scale (C-SSRS), laboratory tests (chemistry, hematology, urinalysis, pregnancy test), PK samples, questionnaires (PMMSA, Neuro-QoL Fatigue), EQ-5D-5L, PGI, CGI, 6MWT, and injection site reactions (ISRs). During the Treatment Period, daily activities included completion of the PMMSA and IMP administration.
At the Week 24 Visit, if the subject confirmed they were willing and able to continue to adhere to trial requirements and the Investigator determined the subject met the Continuation Criteria, the subject continued into Part 2 of the trial. Subjects who did not continue into Part 2 entered the 4-week Part 1 Follow-up Period instead. Subjects returned to the investigational site for the Part 1 End-of-Trial Visit for final safety assessments and returned all remaining trial related supplies.
Part 2
Part 2 was an up to 144-week, open-label assessment of the long-term safety and tolerability of single daily SC doses of 40 mg elamipretide, administered with the elamipretide delivery system, in subjects with PMM. Subjects who were originally randomized to elamipretide during Part 1 continued to receive elamipretide in Part 2 while those randomized to placebo during Part 1 switched to treatment with elamipretide during Part 2. Duration of treatment was the shortest of the following: 144 weeks; regulatory approval and commercial availability of the elamipretide delivery system in the subject’s respective country; or termination of the trial/clinical development for elamipretide in subjects with PMM.
The Part 2 Treatment Period began on the day of the Part 1 Week 24 Visit (at the administration of IMP) using the Part 2 supply of IMP. Subjects (or trained caregivers) administered the IMP daily during the Treatment Period. The subject returned to the investigational site for the Week 28, Week 36, and Week 48 Visits for assessments, to administer the IMP (subject or trained caregiver), and to return all used IMP supplies. Assessments included review of AEs and concomitant medications/procedures, physical examination, vital signs, ECG, C-SSRS, laboratory tests (chemistry, hematology, urinalysis, pregnancy test), and ISRs. Additional visits occurred every 24 weeks for the remainder of the Treatment Period, with phone calls to the subject every 12 weeks between investigational site visits.
The Part 2 Follow-Up Period lasted for 4 weeks and began after active subjects were discontinued early from the trial due to trial termination. Subjects returned to the investigational site for the Part 2 End-of-Trial Visit for final safety assessments and returned all remaining trial-related supplies.
Following evaluation of the data from Part 1, the trial was terminated due to Sponsor’s decision to terminate open trials evaluating elamipretide as a treatment for PMM.

	Number of Subjects:
This trial randomized 218 subjects in Part 1 of the trial; 109 were randomized to 40 mg elamipretide and 109 were randomized to placebo. All 218 subjects were included in the Intent-to-treat (ITT) and Safety Populations and assessed for efficacy and for safety. The Per Protocol (PP) Population included 198 subjects. The PK Population included 106 subjects randomized and treated with elamipretide, with at least one PK sample taken during their participation.
A total of 196 subjects continued into Part 2 of the trial; all 196 were included in the Part 2 Safety Population and were assessed for safety.

	Diagnosis and Criteria for Inclusion:
Subjects were ≥16 and ≤80 years of age (≥18 years of age in Germany), diagnosed with PMM in the opinion of the Investigator, which consisted of a molecular genetic abnormality of the mitochondrial respiratory chain and subject reported symptoms or physical examination findings of myopathy that were the predominant symptoms of the subject’s mitochondrial respiratory chain disorder. The molecular genetic abnormality was consistent with PMM as confirmed by the trial’s Adjudication committee. Subjects were previously enrolled in trial SPIMM‑300 or, with prior Sponsor-approval, enrolled without SPIMM-300 participation.
Subjects who walked <100 m or >450 m during the 6MWT at the Screening Visit or the Baseline Visit were not eligible for the trial.
Subjects in Part 2 met the Part 2 Continuation Criteria at the Week 24 Visit: 
Subjects must have continued to be able and willing to adhere to the trial requirements.
Subject was appropriate to continue in Part 2 (i.e., subject was compliant in SPIMM-301), in the opinion of the Investigator.
Subject had not had a serious adverse event (SAE)/serious adverse device effect (SADE) attributed to the elamipretide delivery system.
Subject had not permanently discontinued the elamipretide delivery system.

	Test Product, Dose, Mode of Administration, Batch Numbers:
Part 1: 24 weeks of single, daily SC doses of 40 mg elamipretide administered with the elamipretide delivery system.
Batch/Lot Numbers: P171451-0004L001, P171451-0009L001, P171451-0009L001.A1, P171451-0009L001.A2, P171451-0017L001, P171451-0017L001.A1
Part 2: Up to 144 weeks of single, daily SC doses of 40 mg elamipretide administered with the elamipretide delivery system.
Batch/Lot Numbers: P186371-0003L001, P186371-0003L002, P186371-0003L002.A1, P186371-0006L001, P186371-0006L001.A1, P186371-0006L001.A2, P186371-0006L001.A3, P186371-0011L001, P186371-0011L002.A1, P186371-0011L002.A2, P186371-0012L001, P186371-0015L001

	Reference Treatment, Dose, Mode of Administration, Batch Numbers:
Part 1: Single, daily SC doses of placebo administered with the elamipretide delivery system.
Batch/Lot Numbers: P171451-0005L001, P171451-0010L001, P171451-0010L001.A1, P171451-0010L001.A2, P171451-0018L001, P171451-0018L001.A1
Part 2: None

	Duration of Treatment:
Part 1: 24 weeks of double-blind treatment.
Part 2: Up to 144 weeks of open-label treatment.

	Statistical Methods:
Detailed methodology for the display, summary, and statistical analyses of the data collected in this trial were documented in a statistical analysis plan (SAP), dated 29 Nov 2019, prior to database lock. Except where specified, all continuous variables were summarized with descriptive statistics (the number of non-missing values, mean, standard deviation (SD), median, minimum and maximum) and all categorical variables were summarized with frequency counts and percentages including a category of “missing”, by treatment group.
Efficacy
Primary efficacy endpoints were the following:
Distance walked (meters) during the 6MWT
Total Fatigue score on the PMMSA
Secondary efficacy endpoints were the following:
Fatigue During Activities score on the PMMSA
Neuro-QoL Fatigue Short Form score
Most bothersome symptom score on the PMMSA
Neuro-QoL Fatigue activities of daily living (specific items from the Neuro-QoL Item Bank)
Exploratory endpoints were the following:
Individual symptom scores on the PMMSA
Alternate version of the PMMSA Total Fatigue Score
Individual item scores of the Neuro-QoL Fatigue
EQ-5D-5L scores
PGI Scales - PGI of Symptom scores and PGI of Change scores
CGI Scales - CGI of Symptom scores and CGI of Change scores
In order to characterize combined evidence associated with multiple endpoints for the comparison of elamipretide to placebo, a visit-level Multi-Domain Responder Index (MDRI) per subject was also assessed.
Efficacy analyses were conducted on the ITT Population, for Part 1 of the trial
The distance walked (meters) during the 6MWT and Total Fatigue score on the PMMSA constituted the primary endpoint family. A family-wise alpha level of 0.05 was maintained for the primary endpoint family, using Hochberg’s procedure at the primary time point of 24 weeks. If both primary endpoints were significantly different from placebo at the 0.05 (two-sided) level of significance (in favor of treatment), then both were considered statistically significant. Otherwise the endpoint with the smaller p-value of the two was considered statistically significant, if statistically significant at the 0.025 (two-sided) level of significance. In the event that both endpoints in the primary endpoint family were significant at the 5% level, then selected secondary endpoints were tested with Type I error control, achieved by testing sequentially using a two-sided alpha level of 0.05.
A mixed effect repeated measures (MMRM) approach, with fixed effects for treatment, visit, the treatment-by-visit interaction, genetic abnormality sub classification strata group, baseline, baseline-by-visit, and subject as a random effect was used to analyze the two primary endpoints separately. The outcome was the change from baseline to each on-treatment time point and all protocol-scheduled time points were included in the model. 
To assess the robustness of the primary results based on the ITT Population, the analyses of the primary endpoints were repeated using the PP Population, and sensitivity analyses with respect to missing values using multiple imputation methods were performed.
Subgroup analyses were performed for the primary endpoints. Subgroup analyses were performed for subgroups defined by baseline values (below vs. at or above the median for the respective endpoint), age (below vs. at or above the median for ITT population), gender (Male vs. Female), race (White vs. Non-White), country (United States of America [US] vs. non-US), and genetic abnormality subclass group (mitochondrial, nuclear). For the 6MWT, subgroups based on use of a walking aid device at Baseline (Yes vs. No) was also assessed.
Secondary efficacy and exploratory analyses were performed using similar MMRM models as described for the primary efficacy analyses. PP Population analyses were also performed for secondary efficacy endpoints.
Safety
Safety endpoints were the following:
AEs/adverse device effects (ADEs)
Vital signs
Electrocardiograms
Clinical laboratory evaluations
C-SSRS
Safety analyses were performed using the Safety Population. AEs/ADEs were coded to System Organ Class (SOC) and Preferred Term (PT) using version 22.0 (for Part 1) and 22.1 (for Part 1 and 2) of the Medical Dictionary for Regulatory Activities (MedDRA) coding dictionary and medications were coded using Anatomical Therapeutic Chemical 4 classification codes and preferred drug name via version 1Q2019 (for Part 1) and 3Q2019 C3 (for Part 1 and 2) of the World Health Organization Drug Dictionary (WHO-DD).
All reported AEs/ADEs were listed, but only treatment-emergent AEs (TEAEs)/treatment-emergent adverse device effects (TEADEs) were summarized. All listings of AEs/ADEs included a field to indicate whether the event was related to the use of the elamipretide delivery system. If a subject had the same AE/ADE on multiple occasions, the highest severity (severe > moderate > mild) or IMP relationship (probable > possibly related > unlikely related > unrelated) recorded for the event was presented.
Laboratory parameters, vital signs, and ECG data including change from baseline values were summarized by treatment group and visit using descriptive statistics. Shifts in laboratory parameters between baseline to post-baseline were presented. Pregnancy and physical examination data were listed. Suicidal ideation, suicidal behavior, and self-injurious behavior without suicidal intent for screening/baseline and post-screening were presented.
All prior and concomitant medication data were presented in individual subject data listings and all concomitant medications were summarized by treatment group. If a subject has taken a concomitant medication more than once, the subject was counted only once for the medication.
Pharmacokinetic Analysis
PK endpoints were the following:
PK parameters
For PK analyses, all model assumptions, validation, and data analysis were detailed in the PK Report. 
Collected PK data were listed.
Analyses on population PK and exposure-response were performed. PK modelling for elamipretide and its metabolites, M1 and M2, were performed using NONMEM computer software. Elamipretide plasma concentration data collected on repeated occasions in all subjects (Week 4, Week 12 and Week 24) was used in a non-linear mixed effects model. Estimates were obtained for population mean parameters (typical values), inter-individual variability, residual variability and, if possible, standard errors of the parameter. Covariates included age, race, ethnicity, genotype, weight, height, lean body mass, body mass index, alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase, total bilirubin, serum creatinine, and renal function (as described by estimated glomerular filtration rate [eGFR]). The exposure-response analysis examined response based on the 6MWT as a function of steady-state exposure to elamipretide and its metabolites. 

	SUMMARY OF RESULTS
Efficacy:
Efficacy was assessed only for Part 1 of the trial.
At Week 24, subjects randomized to elamipretide and placebo walked a mean distance of 15.33 m and 17.386 m farther during the 6MWT compared to baseline, respectively, with an adjusted mean difference between treatments of -3.185 m (95% CI: -18.693, 12.322); the difference was not significant. Similar results were noted in the sensitivity analysis (which used multiple imputation) and with the PP Population.
At Week 24, the mean Total Fatigue Score (Q1 to Q4) was decreased from baseline for both treatment groups, with an adjusted mean difference of -0.07 (95% CI: -0.69, 0.54); the difference was not significant. Similar results were noted in the sensitivity analysis (which used multiple imputation) and with the PP Population.
No hypothesis testing was performed on the secondary outcomes as the primary family endpoints were not found significant.
At Week 24, similar scores and/or changes from baseline were typically observed between treatment groups for the secondary efficacy evaluations including those for Fatigue During Activities Score from the PMMSA, the Most Bothersome Symptom score from the PMMSA, the Neuro-QoL Fatigue Short Form score, and the Neuro QoL Fatigue Activities of Daily Living score.
At Week 24, similar scores and/or changes from baseline were typically observed between treatment groups for the exploratory efficacy evaluations of the 3-day post visit PMMSA, individual symptom scores from the PMMSA, individual item scores on the Neuro-QoL Fatigue, PGI scores, CGI scores, or the MDRI. Similar results were noted with the PP Population.
A significantly greater decrease from baseline in the exploratory efficacy evaluation of EQ-5D-5L raw score for anxiety/depression was noted at Week 24 for placebo compared to elamipretide (LSM difference 0.3 [95% CI: 0.1, 0.5]; p = 0.0025), but no other significant differences between treatments were observed. Similar results were noted with the PP Population.
No significant treatment differences were noted in subgroup analyses in the 6MWT for distance walked, age, gender, race, or use of a walking device or in subgroup analyses in the PMMSA for baseline total fatigue score, genetic abnormality subclass, age, gender, race, or country.
For the subgroup of subjects with a nDNA mutation, those randomized to elamipretide walked farther than those randomized to placebo at Week 24 for both the ITT Population (adjusted mean difference of 16.360 m; 95% CI: -18.498, 51.218; p = 0.3507) and the PP Population (adjusted mean difference of 24.113 m; 95% CI: -0.088, 48.314; p = 0.0508). Significant differences favoring elamipretide were noted at Week 4 for the ITT Population (adjusted mean difference of 22.387 m; p = 0.0419), and for overall during Part 1 for the PP Population (adjusted mean difference of 22.509 m; p = 0.0356). No significant treatment differences were noted with the mtDNA mutation subgroup.
In the exposure-response analysis, subjects with an nDNA mutation had an increase in the change and fractional change at Week 24 compared to the Day 1 (i.e., baseline) value for the 6MWT as a function of the elamipretide steady state area under the curve (p = 0.0262 and p = 0.0345, respectively).
Population pharmacokinetic models were fit successfully for elamipretide and its two metabolites, M1 and M2. For elamipretide, no covariates influenced the systemic or absorption parameters. For both M1 and M2, apparent clearance decreased with age and increased with renal function and no other covariates influenced the systemic parameters.

	Safety:
Part 1
A higher proportion of subjects randomized to elamipretide had at least one TEAE (107 [98.2%] subjects) compared to those randomized to placebo (83 [76.1%] subjects). The majority of TEAEs were mild or moderate in severity.
For elamipretide, the most common TEAEs were injection site erythema (86.2%) and injection site pruritus (75.2%), and for placebo, the most common TEAEs were injection site erythema (28.4%) and injection site pain (18.3%).
The majority of subjects randomized to elamipretide had a related TEAEs (106 [97.2%] subjects) while approximately half of the placebo subjects had a related TEAE (56 [51.4%] subjects). 
A higher proportion of subjects randomized to elamipretide had TEAEs leading to IMP discontinuation or interruption (7.3% and 11.9%, respectively) compared to those randomized to placebo (1.8% and 4.6%, respectively).
There were 9 SAEs reported in 8 (3.7%) subjects overall, including 6 SAEs in 5 (4.6%) subjects randomized to elamipretide and 3 SAEs in 3 (2.8%) subjects randomized to placebo. None of the SAEs were related to study treatment. Four SAEs were categorized in the SOC of infections and infestations. There were no deaths.
There were 7 TEADEs reported in 2 (1.8%) elamipretide subjects and 5 (4.6%) placebo subjects; none were serious. One TEADE in a placebo subject lead to discontinuation of IMP.
There were 7 (6.4%) elamipretide subjects with mild TEAEs of eosinophil count increased, 2 (1.8%) with eosinophilia, and 1 (0.9%) subject with eosinophil percentage increased. No placebo subjects had a TEAE related to eosinophil counts.
Eosinophil levels slightly increased during Part 1 of the trial for elamipretide subjects while remaining similar to baseline levels for placebo subjects. Leukocytes, neutrophils, creatine kinase, and lactate dehydrogenase levels were also typically increased from baseline for elamipretide subjects while remaining similar to or decreased from baseline levels for placebo subjects. Other laboratory values, vital signs, and ECG measured parameters were stable overall throughout Part 1 of the trial.
There were no subjects with suicidal behavior, or non suicidal self-injurious behavior during Part 1 of the trial. Suicidal ideation was noted in 1-5 subjects during the trial and was primarily of the intensity of “wish to be dead” and “non-specific active suicidal thoughts”. One subject had a severe SAE of suicidal ideation, which resolved with treatment and was assessed as unrelated to IMP.
The majority of subjects (99.1%) received at least one concomitant medication during the trial with the most common medication being ubidecarenone (40.4%).
Part 2
Overall, 190 (96.9%) subjects had at least one TEAE and 177 (90.3%) subjects had at least one related TEAE during Part 2 of the trial. The number of events included those with onset in Part 1 that were entered in the database in Part 2. There was a slightly lower proportion of subjects with at least one TEAE and related TEAE in Part 2 for those randomized to elamipretide or placebo in Part 1 (94.6% vs. 99.0%, and 83.9% vs. 96.1%).
The most common TEAEs and related TEAEs overall were injection site erythema (78.1%), and injection site pruritus (70.4%).
There were 10 (5.1%) subjects with a TEAE leading to IMP discontinuation in Part 2 of the trial, with a lower incidence in those randomized to elamipretide in Part 1 compared to those randomized to placebo (1.1% vs. 8.7%).
There were 30 SAEs reported in 21 (10.7%) subjects overall (this included 1 event with onset in Part 1). The majority of SAEs (24/30 events) were severe but none were assessed as related to study treatment. Five SAEs were categorized in the SOC of nervous system disorders. There were no deaths.
There were 8 TEADEs reported in 7 (3.6%) subjects overall, with a lower incidence in subjects randomized to elamipretide in Part 1 compared to those randomized to placebo (2.2% vs. 4.9%). There were no serious or related TEADEs, or any that lead to IMP discontinuation.
There were 14 (7.1%) subjects with TEAEs of eosinophil count increased, 10 (5.1%) subjects with TEAEs of eosinophilia, and 1 (0.5%) subject with a TEAE of eosinophil percentage increased in Part 2 of the trial, with approximately half starting in Part 1. Those TEAEs with onset in Part 2 were primarily in subjects randomized to placebo in Part 1, with the exception of 1 event of eosinophil count increased reported in 1 subject who was randomized to elamipretide in Part 1.
Eosinophil levels slightly increased during Part 2 of the trial before returning towards Baseline the end of the trial. Other laboratory values, vital signs, and ECG measured parameters were stable overall throughout Part 2 of the trial.
There were no subjects with suicidal behavior, or non‑suicidal self‑injurious behavior during Part 2 of the trial. Suicidal ideation was noted in 2-7 subjects and was primarily of the intensity of “wish to be dead” and “non-specific active suicidal thoughts”. Two subjects had moderate TEAEs of suicidal ideation with resolved with treatment and were assessed as not related to IMP.
The majority of subjects (98.5%) received at least one concomitant medication during the trial with the most common medication being ubidecarenone (55.1%).

	CONCLUSIONS:
This trial failed to show that elamipretide was significantly effective at treating the symptoms of PMM compared to placebo. However, the observed effect on the 6MWT in the nDNA subgroup (which was predominantly made up of those with nDNA mutations causing defects of intergenomic signaling) is hypothesis generating. Further research in a subsequent trial is required for confirmation of this effect.
There were no deaths or SAEs related to IMP, and the majority of TEAEs and TEADEs were mild or moderate in intensity.
Mild elevations of eosinophils were observed in subjects treated with elamipretide.

	Date of the Report: 19 October 2020 (Final)
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