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Description of the Project (max 3,000 characters including spaces)

Background/gap of knowledge

Age-related macular degeneration (AMD) represents the leading cause of irreversible central
vision loss among elderly populations in developed countries, accounting for a significant
proportion of visual disability worldwide. Current estimates suggest that AMD affects
approximately 170 million individuals globally, with this figure projected to increase dramatically
to 288 million by 2040 due to aging populations. AMD manifests in two primary forms:
neovascular AMD, characterized by pathological neovessels growth and exudation, and non-
neovascular AMD, distinguished by drusen deposits and potential progression to geographic
atrophy (GA). While therapeutic interventions for neovascular AMD have advanced considerably
through anti-vascular endothelial growth factor (anti-VEGF) therapies, treatment options for
non-neovascular AMD remain severely limited, particularly for preventing progression to

advanced stages of the disease.

The scientific community's efforts in recent years have focused on identifying novel therapeutic
approaches for non-neovascular AMD, with PhotoBioModulation (PBM) emerging as a promising
non-invasive intervention. PBM, also known as low-level light therapy (LLLT), utilizes specific
wavelengths of light (primarily within the red to near-infrared spectrum, 630-850 nm) to
modulate cellular function, particularly targeting mitochondrial metabolism. Recent clinical
investigations, including the LIGHTSITE trial series (I, Il, and III), have demonstrated encouraging
outcomes regarding PBM's potential to improve visual function and reduce disease progression
in AMD. However, these studies exhibit considerable limitations including variation in treatment
protocols, insufficient follow-up periods, and heterogeneous patient cohorts.
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A critical gap in current research lies in the absence of objective, quantifiable biomarkers to
evaluate PBM's metabolic effects on retinal tissue. Conventional imaging modalities fail to
capture the metabolic changes hypothesized to underlie PBM's therapeutic mechanism.
Spectrally Resolved Autofluorescence (SrAF) represents an innovative imaging technique with
the capacity to quantify metabolic alterations in retinal tissue by detecting specific endogenous
fluorophores, particularly flavin adenine dinucleotide (FAD), a key indicator of mitochondrial
activity. Despite PBM's theoretical promise and preliminary clinical evidence, there remains a

significant scientific challenge in establishing:
- Reliable biomarkers for monitoring treatment response;
- Standardized protocols for PBM application in AMD;
- Precise mechanisms of action at the cellular and tissue levels;
- Accurate methods for patient selection and stratification.

For these reasons, investigating the application of advanced metabolic imaging in the
assessment of PBM for non-neovascular AMD carries significant implications for addressing this

growing public health concern.

Rationale and hypothesis

Non-neovascular AMD represents a significant therapeutic challenge, with limited interventions
available to prevent disease progression. PBM has emerged as a promising non-invasive
treatment already used in clinical practice, but a fundamental obstacle in its optimization
remains the absence of objective biomarkers to confirm and quantify its metabolic effects on

retinal tissue.

The current evaluation of PBM efficacy relies primarily on functional outcomes such as visual
acuity and contrast sensitivity, which may be influenced by multiple factors beyond direct
therapeutic effect. Additionally, conventional imaging modalities provide limited insight into the
metabolic changes hypothesized to underlie PBM's mechanism of action. This makes it difficult
to determine optimal treatment intervals for maintaining therapeutic benefits.

This project addresses these limitations by proposing SrAF as an objective biomarker for PBM
treatment assessment. Several characteristics support this approach:

- SrAF enables non-invasive quantification of FAD at the 575 nm wavelength band, a direct
indicator of mitochondrial activity;

- Mitochondrial dysfunction represents a primary pathophysiological mechanism in

disease development;
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- Current clinical applications show treatment effects may diminish over time, requiring

identification of optimal intervals for retreatment;

- Existing clinical evidence shows functional improvements without objective metabolic
confirmation of mechanism.

We hypothesize that PBM induces significant time-dependent metabolic changes in the reting,
detectable through increased FAD autofluorescence. We further hypothesize these changes will
correlate with visual function improvements and anatomical stabilization. Validating SrAF as a
biomarker would provide an objective means to monitor treatment response and establish

individualized retreatment protocols for patients already receiving PBM therapy.

Objectives and specific aims

Overall objective: To establish SrAF as a reliable biomarker for monitoring metabolic changes

induced by PBM therapy in non-neovascular AMD and determine optimal treatment intervals.

Specific aims:

- To quantify metabolic changes through SrAF measurements at the 5756 nm wavelength
band (FAD) following PBM treatment;

- To determine the time-course and duration of metabolic effects, establishing optimal

intervals for retreatment;

- To correlate metabolic changes with functional outcomes including visual acuity and

contrast sensitivity;

- To assess anatomical modifications through multimodal imaging (OCT, OCT-A, fundus

autofluorescence);

- To compare SrAF biomarker changes with conventional functional and structural
assessments.

Expected outcomes

We expect that SrAF will serve as a valuable biomarker for monitoring metabolic effects on
mitochondrial function in patients with non-neovascular AMD, potentially providing a tool for
stratifying candidates and treatment outcomes with PBM. This non-invasive approach may offer
insights into retinal metabolism that could guide therapeutic strategies for early intervention in

AMD progression.
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Skills that the student should acquire (max. 600 characters including spaces):

- Design and conduct prospective clinical studies in Clinical and Experimental Medicine

with focus on retinal pathologies;

- Perform PhotoBioModulation (PBM) laser treatments for patients with non-neovascular

AMD;

- Utilize advanced retinal imaging techniques, with particular reference to Spectrally

Resolved Autofluorescence (SrAF);

- Develop standardized clinical protocols for patient monitoring and determination of

optimal treatment intervals;
- Critically analyze scientific literature and interpret results in the clinical context;

- Communicate scientific findings through conference presentations and publications in

sector journals.

References (max. 15)

1. Ferris FL, Wilkinson CP, Bird A, et al. Clinical classification of age-related macular
degeneration. Ophthalmology. 2013;120(4):844-851. doi:10.1016/j.0phtha.2012.10.036

2. Virgili G, Michelessi M, Parodi MB, Bacherini D, Evans JR. Laser treatment of drusen to prevent
progression to advanced age-related macular degeneration. Cochrane Database Syst
Rev. 2015;2015(10). doi:10.1002/14651858.CD006537.pub3

3. Markowitz SN, Devenyi RG, Munk MR, et al. A double-masked, randomized, sham-controlled,
single-center study with photobiomodulation for the treatment of dry age-related
macular degeneration. Retina. 2020;40:1471-82. doi:10.1097/IAE.0000000000002632

4, Burton B, Parodi MB, Jurgens |, et al. LIGHTSITE Il randomized multicenter trial: evaluation of
multiwavelength  photobiomodulation in  non-exudative age-related macular
degeneration. Ophthalmol Ther. 2023;12:953-68. doi:l0.1007/340123—022—00640—6

5. Boyer D, Hu A, Warrow D, et al. LIGHTSITE IIl: 13-month efficacy and safety evaluation of

multiwavelength photobiomodulation in nonexudative (dry) age-related macular




SIS
i

' MO 20-5
U n | S R APPLICATION TOACT AS SUPERVISOR AND

ed. 01 del 21/02/2025
RESEARCH PROJECT PROPOSAL
Universita Vita-Salute PO 20

San Raffaele que 8 of 12

10.

1.

degeneration using the lumithera valeda light delivery system. Retina. 2024;44:487-497.
doi:10.1097/I1AE.0000000000003962

Berndt N, Kovdcs R, Résner J, et al. Flavin adenine dinucleotide fluorescence as an early
marker of mitochondrial impairment during brain hypoxia. Int J Mol Sci. 2020;21:3977.
doi:10.3390/ijms21113977

Fantaguzzi F, Tombolini B, Servillo A, et al. Shedding Light on Photobiomodulation Therapy
for Age-Related Macular Degeneration: A Narrative Review. Ophthalmol Ther. 2023;12:2903 -
2915. doi:10.1007/s40123-023-00812-y

Querques G, Cicinelli MV, Rabiolo A, et al. Laser photocoagulation as treatment of non-
exudative age-related macular degeneration: state-of-the-art and future perspectives.
Graefe's Arch Clin Exp Ophthalmol. 2018;256(1):1-9. doi:10.1007/s00417-017-3848-x
Querques G, Sacconi R, Gelormini F, et al. Subthreshold laser treatment for reticular
pseudodrusen secondary to age-related macular degeneration. Sci Rep. 2021;11(1):2193.
Published 2021 Jan 26. doi:10.1038/s41598-021-81810-7

Henein C, Steel DH. Photobiomodulation for non-exudative age-related macular
degeneration. Cochrane Database Syst Rev. 2021;5(5):CD013029.
doi:10.1002/14651858.CD013029.pub?2

Rassi TNO, Barbosa LM, Pereira S, et al. Photobiomodulation efficacy in age-related
macular degeneration: a systematic review and meta-analysis of randomized clinical

trials. Int J Retina Vitreous. 2024;10:54. doi:10.1186/s40942-024-00544-6




