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INTRODUCTION (cont.)

overproduction of toxic levels of intracellular reactive oxygen species (ROS). Excess ROS results
in oxidative damage to mitochondrial inner membrane structures and to cardiolipin, which stabilizes
the inner membrane. Oxidative damage to mitochondria leads to sarcopenia and exercise
intolerance. Mitochondrial dysfunction has been documented in heart failure (HF) patients, and
exercise intolerance is a hallmark symptom of the disease. Currently available treatments have not
demonstrated the ability to improve skeletal muscle function in HF patients. The results of this trial,
therefore, can have direct clinical implications to HF patients.

Hypothesis: Elamipretide (formerly referred to as Bendavia, SS-31 and MTP-131 [ELAM]) is a
mitochondria-targeting peptide that readily penetrates cell membranes and outer mitochondrial
membranes to localize on the inner membranes of mitochondria, where it associates with cardiolipin.
In doing so, it improves the integrity and efficiency of the electron transport chain (ETC), thereby
improving ATP synthesis and reducing the production of ROS. ELAM effectively improved muscle
function and biomarker levels in multiple animal models of dysfunction (specifically, age-related
skeletal muscle immobilization, and chronic skeletal muscle dysfunction). We studied the effect of
ELAM on skeletal muscle energetics and performance in elderly subjects.

Interventions
• ELAM selectively associates with cardiolipin, stabilizing ETC supercomplexes and mitochondrial
cristae, which are essential for mitochondrial bioenergetics (Figure 2)9,10
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STUDY OBJECTIVE
A Phase 2 randomized, double-blind, placebo-controlled study sought to evaluate the ability of a
single intravenous dose of ELAM to improve skeletal muscle function in elderly subjects
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• Evaluate the effect of ELAM, given as an intravenous (IV) infusion, on hand skeletal muscle
energetics and muscle performance as measured by in vivo 31 phosphorus-31 (31 P) magnetic
resonance spectroscopy (MRS), in vivo optical spectra scan (OPS), and a muscle fatigue test in
elderly subjects with evidence of mitochondrial dysfunction
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• One placebo subject, whose values were determined to be erroneous (albeit after the blind was
broken), was dropped from the analysis
• In the study as a whole, higher ATPmax values were associated with greater function as measured
by Force Time Integral (r=0.267, p=0.0041)
• ELAM was well-tolerated; no safety issues were identified
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Figure 3. ELAM improves ATP production and exercise function in mice.12
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• Six months of endurance training has been shown to improve bioenergetics in the elderly, but no
approved therapies have demonstrated efficacy
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• Given the high energy demands of skeletal muscle, heart, and kidney, mitochondrial dysfunction
is postulated to be a contributing factor3-5
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Figure 1. Age-related changes in muscle physiology and the relationship between

• Mitochondrial capacity (ATPmax)
• Mitochondrial efficiency (P/O)
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Figure 2. Beneficial effects of ELAM on mitochondrial function.11

change from baseline) for ATPmax, and 7 days after infusion (Visit 4) for ATPmax, P/O, and O2 uptake.
Muscle exercise tolerance was also evaluated 2 hrs after infusion (day 2) and on day 7.
mitochondrial dysfunction, and O2 demand, and improve sustained exercise performance in the
muscle of elderly subjects. ELAM may potentially target the mitochondrial dysfunction that exists in
patients with HF, thereby improving sarcopenia and exercise tolerance. A statistical analysis of the
results allowed for a comparison to previous studies in elderly patients that demonstrated a similar
30% increase in ATPmax post 6-months of endurance training.1
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• Pre-clinical studies have demonstrated improved ATP production and exercise function in aged
mice (Figure 3)

Results: ELAM treatment was evaluated for mitochondrial improvements on infusion day (Visit 2;

Conclusions: ELAM treatment, in a single infusion, was evaluated for its potential to reverse

D Mitochondrial Capacity

• ELAM reduces mitochondrial ROS production, but is not a ROS scavenger

Methods: Elderly subjects (≥60 and ≤85 yrs) with documented mitochondrial dysfunction
received a single IV dose of ELAM 0.25 mg/(kg • hr), or placebo, infused at 60 mL/hr for 2 hrs
(randomized 1:1). On the infusion day and day 7, maximum mitochondrial ATP synthesis (ATPmax),
and mitochondrial coupling of ATP synthesis per O2 uptake (P/O) were measured in vivo using
phosphorous magnetic resonance spectroscopy (ATP synthesis). Optical spectroscopy determined
O2 uptake. A sustained hand fatigue test determined the effect of increasing ATPmax on exercise
tolerance because hand-fatigue testing is representative of skeletal muscle measures. Mean changes
from baseline were compared between treatment groups using analysis of covariance (baseline as a
covariate).
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Figure 6. Change from baseline in ATPmax with ELAM versus placebo 2 hrs
post-infusion and after 7 days.
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Figure 4. Measuring change in muscle performance.
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ABSTRACT

CONCLUSIONS
• ELAM improves mitochondrial function by increasing ATP production after a single infusion
• Reverses mitochondrial dysfunction, O2 demand and improves sustained exercise performance in
the muscle of elderly subjects

Secondary endpoints

• ELAM improvement in ATPmax was comparable to ATPmax change seen post 6 months of exercise
training in this patient population

• Comparisons in change from Baseline between treatment groups for the following hand skeletal
muscle energetics and functional properties analyzed in the same manner as the primary efficacy
measures were included

• ELAM is an investigational product under study in HF patients

– P/O
– Muscle force-time-integral
• Change from baseline for the above measures assessed at Hour 2 (2 hours after the start of
infusion or end of infusion) and Day 7, except for muscle performance that was also assessed at
Day 3

• ELAM targets the mitochondrial dysfunction that exists in patients with HF, thereby potentially
providing improvements in exercise tolerance
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