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Targeting inflammation, mitochondrial health, and neuroprotection.
By Aumer Shughoury, MD, and Thomas A. Ciulla, MD, MBA

A better understanding of comple-
ment dysregulation in AMD has

led to the first approved therapies
targeting the complement system to
slow the progression of geographic
atrophy (GA)." However, beyond complement inhibition,
several novel therapeutic strategies are emerging that target
the diverse pathogenic mechanisms of dry AMD (Figure 1).2
These include therapies that suppress chronic inflammation,
enhance mitochondrial health and function, and protect
against cellular apoptosis to slow retinal degeneration.

TARGETING INFLAMMATION

Chronic, low-grade inflammation is a critical driver of
AMD pathogenesis. Increased chemokine, cytokine, and
complement cascade signaling results in pathologic accumu-
lation of activated macrophages, microglia, and complement
factors in the subretinal space. This dysregulated immune
response promotes progressive retinal tissue injury and
photoreceptor degeneration as AMD progresses (Figure 2).3¢

Mature cells of the innate immune system express a family
of receptors called sialic acid-binding immunoglobulin-type
lectins (siglecs), which modulate immune activity in response
to specific sialic acid patterns on the cell membranes.
Because certain siglecs function as immune checkpoints
to recognize “self” sialic acid patterns and dampen local
inflammatory activity against host tissues, they represent
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promising targets to reduce inflammatory damage to retinal
tissue in the development of AMD.%’

AVD-104 (Aviceda Therapeutics) is a glycomimetic
siglec-agonist nanoparticle designed to reduce retinal
inflammation in GA by binding select siglec subtypes on
activated macrophages and microglia in the subretinal
space, repolarizing them to a neuroprotective state and
reducing the production of proinflammatory cytokines to
curtail local retinal injury.® AVD-104 also directly disrupts the

Chronic inflammation is a critical driver of AMD
pathogenesis. Thus, AVD-104 (Aviceda Therapeutics)
and tonabersat (Xiflam, InflammX Therapeutics) aim
to improve inflammatory modulation in the retina.

» Elamipretide (SS-31, Stealth Biotherapeutics) and
photobiomodulation with the Valeda Light Delivery
System (LumiThera) both focus on improving
mitochondrial health and function.

» ONL1204 (ONL Therapeutics) and CT1812 (Zervimesine,

Cognition Therapeutics) are neuroprotective therapies
being explored for the treatment of dry AMD.
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Figure 1. In addition to complement pathway inhibitors, several emerging therapies target other mechanisms of dry AMD pathogenesis.

complement cascade by binding and activating complement
factor H to suppress C3 activity.” Preliminary data from the
phase 2/3 SIGLEC trial (NCT05839041) suggest that AVD-104
therapy in patients with GA may be well tolerated with
significant reduction in GA growth rate at 3 months."
Tonabersat (Xiflam, InflammX Therapeutics) is an oral
inhibitor of the connexin43 hemichannel, which plays a
critical role in ocular inflammation through the assembly
and activation of the NLRP3 inflammasome pathway within
immune cells.”""? Connexin43-mediated activation of
the NLRP3 inflammasome triggers cytokine release, while
connexin43-driven ATP secretion perpetuates the NLRP3
pathway." A phase 2 trial (NCT05727891) is assessing tona-
bersat in diabetic macular edema, and the company is plan-
ning a phase 2 trial for patients with intermediate AMD."

ENHANCING MITOCHONDRIAL HEALTH AND FUNCTION

Chronic inflammation in AMD is thought to be driven
primarily by an imbalance between the generation and
elimination of reactive oxygen species (ROS) in retinal
tissue, subjecting retinal pigment epithelium (RPE) and
photoreceptor cells to chronic oxidative stress and
accumulation of toxic metabolic byproducts.' This
metabolic stress causes progressive mitochondrial damage,

energy depletion, and, ultimately, apoptotic cell death.
Therapies aimed at correcting such metabolic imbalances
in AMD seek to slow retinal degeneration by enhancing
mitochondrial function and reducing oxidative damage.

Photobiomodulation (PBM) employs low-intensity light,
typically 590 nm to 850 nm, to reduce oxidative stress asso-
ciated with chronic retinal diseases.’ Exposure to these
wavelengths is thought to activate mitochondrial cyto-
chrome c oxidase in retinal cells to enhance cellular respira-
tion, increasing ATP production and limiting toxic ROS."
Together, these effects may protect retinal cells against
oxidative injury and progressive degeneration.'>"’

The Valeda Light Delivery System (LumiThera), which
received FDA De Novo authorization for treating dry AMD,
delivers simultaneous 590 nm, 660 nm, and 850 nm wave-
lengths of light in brief sessions multiple times per week
over the course of several months. The LIGHTSITE Ill trial
(NCT03878420) showed significant and clinically meaningful
improvements in visual acuity, with gains of > 5 letters in
more than 55%, > 10 letters in 26.4%, and > 15 letters in
5.5% of PBM-treated eyes.'®' An open-label extension study,
LIGHTSITE 1B (NCT06229665), is assessing the efficacy of
PBM in this cohort over an additional 13 months.

Elamipretide (SS-31, Stealth Biotherapeutics) is a
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Figure 2. AMD pathogenesis and progression is thought to be largely driven by chronic, low-grade inflammation in the aging retina. Environmental, genetic, and age-related factors trigger
complement activation, oxidative stress, and escalating inflammation, ultimately driving RPE dysfunction, drusen formation, and photoreceptor degeneration.

subcutaneous tetrapeptide designed to mitigate oxida-
tive damage by promoting efficient cellular respiration.?
Elamipretide selectively binds cardiolipin (a lipid found on
the inner mitochondrial membrane) to stabilize the elec-
tron transport chain, thus increasing ATP production and
reducing ROS generation during cellular respiration.2%*!

By improving mitochondrial function in RPE cells under
oxidative stress, elamipretide may slow or even reverse
retinal degeneration in AMD.?22% Although a phase 1

trial (NCT02848313) showed that daily elamipretide may
improve visual function over 24 weeks, the phase 2 trial
(NCT03891875) did not meet primary endpoints of change
in low-luminance visual acuity or GA area after 48 weeks. 242
A phase 3 trial (NCT06373731) is in development.”’

THE ROLE OF NEUROPROTECTION

Chronic inflammatory and oxidative injury in AMD cause
progressive RPE dysfunction and photoreceptor degenera-
tion as the disease progresses.”® Neuroprotective strategies
to promote RPE and photoreceptor survival may therefore
mitigate progressive retinal degeneration in AMD.

The Fas receptor (CD95), a transmembrane protein of the
tumor necrosis factor receptor family, serves as a key trigger
of cellular apoptosis in response to environmental stressors.
When bound by its ligand, Fas activates the extrinsic apoptosis
pathway via caspase-8, culminating in cell death.?’ Fas acti-
vation additionally results in the production of chemokines
and cytokines that recruit immune cells and enhance local
inflammation. Preclinical studies in mice have found that
overactivation in the RPE results in increased susceptibility to
inflammatory stimuli and oxidative stress, promoting progres-
sive photoreceptor degeneration.® The Fas receptor has
therefore emerged as a potential target for neuroprotective
prevention of photoreceptor degeneration in AMD.?

ONL1204 (ONL Therapeutics) is an intravitreal small-
molecule Fas inhibitor that protects against RPE and photo-
receptor apoptosis.>! Preliminary data from a phase 1 study
in patients with GA (NCT04744662) suggest that ONL1204 is
well tolerated and may result in a dose-dependent reduction
in GA growth rate at 6 months.3? A multicenter phase 2 trial
(NCT06659445) is further assessing the safety and efficacy of
ONL1204 in GA with various dosing regimens.
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Two gene therapies are under investigation for the
treatment of GA: 0CU410 (AAV5-hRORA, Ocugen) and JNJ-1887
(JNJ-81201887/AAVCAGSCD59, Janssen). To learn more about
these therapies, check out Gene Therapy for AMD: What You
Need to Know, on page 26.

CT1812 (Zervimesine, Cognition Therapeutics) is an
oral drug that displaces toxic protein oligomers from the
sigma-2 receptor complex on the endoplasmic reticulum,
which plays a role in cellular protein/lipid trafficking and
homeostasis. In preclinical AMD models, CT1812 showed
an ability to reverse the pathologic effects of oxidative stress
on RPE cells, restoring RPE homeostasis and normalizing
RPE-mediated phagocytosis and trafficking of photoreceptor
outer segments.3* A phase 2 trial (NCT05893537) is ongoing
to assess daily oral CT1812 therapy in patients with GA.

FUTURE DIRECTIONS AND CLINICAL OUTLOOK

Many emerging therapeutic strategies for dry AMD are
rapidly expanding our approach beyond complement inhibi-
tion. With novel drugs in development that aim to reduce
chronic inflammation, enhance mitochondrial health, and
promote retinal cell survival, clinicians may one day have the
ability to proactively intervene on multiple mechanisms of
AMD pathogenesis to prevent disease progression. Sustained
innovation in this field is likely to continue shifting our
approach to AMD from supportive care toward multimodal,
patient-tailored therapy aimed at preventing vision loss and
enhancing quality of life in our aging population. m
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