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Rationale for Targeting Mitochondria & Energy Demands in the Eye

Liu et al., Int. J. Mol. Sci. 2021, 22, 3689, 2, Stanley, et al. Physiol Rev. 2005: 3, Soltoff, et al. Ann. Rev. Physiol. 1986: 4, Okawa, et al. Curr Biol. 2008: 5, Lei, et al. PNAS. 2003: 6, Befroy, et al. Diabetes
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ATP Turnover in Mammalian Tissue

Optimal mitochondrial 
function decreases
with age

Prevalence of AMD 
increases with age

The eye is one of the largest 
energy (ATP) producers and 
consumers in the human body
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Feher J, Kovacs I, Artico M, et al. Neurobiol Aging. 2006;27(7):983-993.

Progressive Mitochondrial Dysfunction Contributes to AMD 

Changes in RPE mitochondrial properties in aged vs AMD eyes

# of mitochondria/cell Mean mitochondrial area (µm2/cell) # of cristae/mitochondrion
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RPE mitochondria in AMD eyes undergo more pronounced degenerative changes, 
with lower mitochondrial density, organelle area, and cristae number

Perkins et al. Molecular Vision 2003; 9:60-73
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Elamipretide Protects Mitochondria in Diabetic Mouse Model
M

ou
se

 R
PE

 m
ito

ch
on

dr
ia

Normal diet Diabetic diet + streptozotocin + saline Diabetic diet + streptozotocin + elamipretide

In diabetic mice treated with elamipretide, mitochondria retain normal architecture and cristae structure

Szeto and Liu Archiv Biochem Biophys 2018

Elamipretide: mitochondria-targeted agent that 1.) improves inner mitochondrial membrane stability, 
2.) enhances ATP synthesis and 3.) reduces pathogenic reactive oxygen species (ROS)
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Mitochondrial Inner Membrane is Disrupted in Disease

ROS-mediated damage of cardiolipin disrupts cristae 
curvature and organization of respiratory complexes 

In healthy states, cardiolipin promotes inner mitochondrial 
membrane curvature to organize respiratory complexes

Mechanism of disease

ROS, Reactive oxygen species
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Elamipretide Binding to Cardiolipin Stabilizes the Inner Mitochondrial 
Membrane Structure

ROS-mediated damage of cardiolipin disrupts cristae 
curvature and organization of respiratory complexes 

Elamipretide binds to cardiolipin and restores mitochondrial 
structure and function

Mechanism of action

ROS, Reactive oxygen species
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ReCLAIM Trial: Proof of Concept in AMD (HRD and NCGA)
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Screening W52: WashoutBL W4 W8 W12 W24 W36 W48

NCGA area ≥0.05mm2/
<10.16 mm2

≥150 μm from foveal center

BCVA ≥ 55 letters

LLVA ≥ 10 letters

>5 letters low luminance 
deficit

PRIMARY ENDPOINT FAMILY 
• Mean change in low luminance 

best-corrected visual acuity 
(LLVA)

• Change in geographic atrophy 
(GA) area by optical coherence 
tomography (OCT)

ReCLAIM-2 Trial Design

SECONDARY/EXPLORATORY ENDPOINTS
• Categorical change in LLVA 
• Ellipsoid zone (EZ) attenuation and associated 

biomarkers of retinal and mitochondrial health
• Conversion to choroidal neovascularization (wet 

AMD)

ELAMIPRETIDE
n=117

PLACEBO
n=59

FOLLOW-UP

* ClinicalTrials.gov Identifier: NCT03891875 for additional trial details
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ReCLAIM-2 Patient Disposition and Baseline Characteristics 
Elamipretide Placebo

Treated
mITT Population (%)

Early Discontinuation from Study (%)

117
114 (97.4)

34 (29.1)

59
58 (98.3)

8 (13.6)

Age (SD) 76.0 (8.4) 75.8 (8.8)

LL BCVA (SD) 53.4 (16.17) 58.8 (10.70)

BCVA (SD) 75.8 (9.10) 76.6 (7.90)

LL Deficit (SD) 22.4 (12.34) 17.8 (8.07)

Sqrt GA Area (mm) by OCT (SD) 1.47 (0.76) 1.38 (0.68)

GA Area (mm2) by OCT (SD) 2.73 (2.42) 2.37 (2.17)

OCT GA Distance to Fovea (SD) 0.49 (0.37) 0.45 (0.35)

Extrafoveal (%)/Foveal (%) 96 (84)/18 (16) 49 (84)/9 (16)

Multi (%)/Unifocal (%) 85 (73)/32 (27) 43 (74)/15 (26)

% Total EZ Attenuation (SD) 16.01 (12.46) 12.20 (8.75)

% Partial EZ Attenuation (SD) 25.94 (19.58) 20.82 (15.29)

Central 1mm Mean EZ-RPE Thickness  (SD) 16.97 (12.66) 18.85 (12.11)
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Elamipretide 40 mg
N=117 (%)

Placebo
N=59 (%)

Adverse Events 101 (86%) 42 (71) 

Injection Site adverse events 70 (60%) 16 (27) 

Serious adverse events 
Drug related
Deemed unrelated to drug

0
18 (15%) 

0
6 (10%) 

Deaths 2
COVID-19

Respiratory Failure

0

Study eye converted to Wet AMD/CNV 6 (5%) 4 (7%)

ReCLAIM-2: Safety Profile Consistent with Previous Clinical Experience
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Adverse Events Occurring >5%

SOC Preferred Term
Elamipretide 40 mg

N=117 (%)
Placebo

N=59 (%)
General disorders and administration site conditions 

Injection site pruritus 46 ( 39.3) 0
Injection site pain 33 ( 28.2) 6 ( 10.2) 
Injection site bruising 15 ( 12.8) 11 ( 18.6) 
Injection site erythema 22 ( 18.8) 0 
Injection site hemorrhage 17 ( 14.5) 4 ( 6.8) 
Injection site induration 16 ( 13.7) 3 ( 5.1) 
Injection site hypertrophy 10 ( 8.5) 4 ( 6.8) 
Injection site mass 13 ( 11.1) 0
Injection site swelling 11 ( 9.4) 0

Infections and infestations 
Urinary tract infection 4 ( 3.4) 7 ( 11.9) 
Pneumonia 6 ( 5.1) 1 ( 1.7) 

Investigations 
Eosinophil count increased 7 ( 6.0) 0 

Musculoskeletal and connective tissue disorders 
Arthralgia 1 ( 0.9) 3 ( 5.1) 

*Preferred terms for events occurred in >5% of subjects in either group are displayed
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ReCLAIM-2 Primary Endpoint Family

Least Square (LS) means estimated from a mixed-effects model for repeated measures (MMRM). The mITT population was used for the analysis, for LLVA, placebo n=52 and 48 for 24 and 48 weeks, 
respectively while elamipretide n=93 and 82, respectively.  From GA assessment, placebo n=48 and 45, for 24 and 48 weeks, respectively while elamipretide n=89 and 76, respectively.

Primary endpoints of mean change in LLVA and GA progression measured by OCT were not significant
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Retinal Anatomy: Focus on the Mitochondria-Rich Ellipsoid Zone (EZ)
The EZ suffers progressive damage that precedes vision loss and GA in dry AMD 

EZ

Fu et al., J. Lipid Res. (2021) 62 100035. https://doi.org/10.1194/jlr.TR120000618
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a) ILM

b) Between OPL/ONL

c) EZ

d) RPE
EZ-RPE

6 × 6 mm
3D reconstruction of
macular cube

En face view of normative EZ 
mapping

OCT

Normal Abnormal

Analysis of the Mitochondria-Rich Ellipsoid Zone (EZ)
EZ attenuation as a clinical trial endpoint (e.g. ReCLAIM-2, MacTel, Stargardt)

Ito et al. BJO 2016

= normal

= partial attenuation

= total attenuation

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjl3JOdr7_aAhXD6IMKHffbCA8QjRx6BAgAEAU&url=https://webeye.ophth.uiowa.edu/eyeforum/atlas/pages/normal-fundus.htm&psig=AOvVaw1APIJfy48lKB7Iiizumv_R&ust=1523987807836637
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Total EZ Attenuation: thickness of 0 μm on en face map Partial EZ Attenuation: thickness of <20 μm on en face map 

Elamipretide Reduced Attenuation of the Mitochondria-Rich EZ
Prespecified analysis provides proof of mechanism and elamipretide target engagement

Least Square (LS) means estimated from a mixed-effects model for repeated measures (MMRM). The mITT population was used for the analysis, for Total Attenuation, placebo n=50 and 42 for 24 and 
48 weeks, respectively while elamipretide n=89 and 71, respectively.  From Partial Attenuation, placebo n=50 and 42, for 24 and 48 weeks, respectively while elamipretide n=89 and 71, respectively. 
Statistical analysis showing nominal “p values”
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Retinal Mitochondrial Health Predicts Potential Response to Therapy
Low Luminance Visual Acuity Correlates With Ellipsoid Zone Health

LLVA change inversely correlated with the 
baseline % macular EZ attenuation (p=0.002)

ReCLAIM

Correlation analyses were performed post-hoc, statistical analysis showing nominal “p values”

LLVA change correlated with baseline …

 macular % of total EZ attenuation (p<0.01) 

 macular % of partial EZ attenuation (p<0.01) 

LLVA change correlated with change in…

 macular % total EZ attenuation (p < 0.01)

ReCLAIM-2 

2-letter gain 
Patient A: NCGA cohort

4-letter gain 
Patient B: NCGA cohort

18-letter gain 
Patient C: NCGA cohort

ReCLAIM-2 provides evidence that slowing 
EZ attenuation has a positive effect on visual function
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Relationship between EZ and Visual Acuity has been established in multiple diseases
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ReCLAIM-2 Demonstrated Categorical 2+ Line LLVA Improvement
No other investigational product has demonstrated the potential to improve LLVA in patients with GA secondary to dry AMD

The mITT population was used for the analysis, placebo n=48 and elamipretide n=82. Statistical analysis showing nominal significance levels
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8+ Letter Gain: 
Elam: 17% (n=14)
Placebo: 4% (n=2)
P<0.05

≥2 Line Gain: 
Elam: n=12 @ 2 lines
Elam: n=5 @ 3 lines
P=0.04
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Retinal mitochondrial dysfunction leading to ellipsoid zone (EZ) attenuation precedes and predicts pathologic 
changes associated with dry AMD progression

Changes in low luminance visual acuity (LLVA)  correlated with baseline EZ attenuation, 
consistent with other diseases

Elamipretide-mediated reduction of progressive EZ attenuation correlates with visual function improvements

On-going clinical trial development and enrichment will be informed by ReCLAIM-2 results:
EZ attenuation as a surrogate endpoint for visual function 

elamipretide potential to improve visual function

ReCLAIM-2 Data: Key Take-away Topics
Confirmed Proof of Mechanism, Informs Phase 3 Endpoints and Enrichment Strategies
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