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PHOTOBIOMODULATION THERAPY FOR
LARGE SOFT DRUSEN AND DRUSENOID
PIGMENT EPITHELIAL DETACHMENT IN
AGE-RELATED MACULAR DEGENERATION

A Single-Center Prospective Pilot Study

MANAL BENLAHBIB, MD,* SALOMON YVES COHEN, MD, PuD,* NURIA TORRELL, MD,*
DONATO COLANTUONO, MD,* EMANUELE CRINCOLIL MD,* FRANCESCA AMOROSO, MD,*
OUDY SEMOUN, MD,* CAMILLE JUNG, MD,x ERIC H. SOUIED, MD, PuD*

Purpose: To evaluate visual acuity and morphologic changes after photobiomodulation
(PBM) for patients affected with large soft drusen and/or drusenoid pigment epithelial
detachment associated with dry age-related macular degeneration.

Method: Twenty eyes with large soft drusen and/or drusenoid pigment epithelial
detachment age-related macular degeneration were included and treated using the
LumiThera Valeda Light Delivery System. All patients underwent two treatments per week
for 5 weeks. Outcome measures included best-corrected visual acuity, microperimetry-
scotopic testing, drusen volume, central drusen thickness, and quality of life score at
baseline and month 6 (M6) follow-up. Data of best-corrected visual acuity, drusen volume,
and central drusen thickness were also recorded at week 5 (W5).

Results: Best-corrected visual acuity significantly improved at M6 with a mean score
gain of 5.5 letters (P = 0.007). Retinal sensitivity decreased by 0.1 dB (P = 0.17). The mean
fixation stability increased by 0.45% (P = 0.72). Drusen volume decreased by 0.11 mm3 (P =
0.03). Central drusen thickness was reduced by a mean of 17.05 um (P = 0.01). Geographic
atrophy area increased by 0.06 mm? (P = 0.01) over a 6-month follow-up, and quality of life
score increased by 3,07 points on average (P = 0.05). One patient presented a drusenoid
pigment epithelial detachment rupture at M6 after PBM treatment.

Conclusion: The visual and anatomical improvements in our patients support previous
reports on PBM. PBM may provide a valid therapeutic option for large soft drusen and
drusenoid pigment epithelial detachment age-related macular degeneration and may

potentially slow the natural course of the disease.
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ge-related macular degeneration (AMD) accounts
for approximately 10% of blindness in developed
countries.! Disease progression unavoidably leads to
significant visual loss and severely affects quality of
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life (QoL).! Early stages of AMD are characterized by
accumulation of membranous lipidoproteic debris,
including lipofuscin, extracellular material, and com-
plement deposition.! The advanced late-stages of
AMD are usually divided into exudative AMD (also
called wet AMD) or geographic atrophy (GA) (also
called dry AMD).? Dry AMD is characterized by com-
plete or incomplete retinal pigment epithelium (RPE)
and complete or incomplete outer retinal atrophy.!-?
The pathogenesis of AMD is mainly genetically driven
but remains partly understood.?> Nevertheless, there is
evidence that RPE dysfunction is involved in dry

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.



PISTSHORA+2ZM8eAAAAVO/FOAEIDVIASALLIAIPOOAEIEAHIOIN/AD AUMYTXOMADY

OINXYOHISABZIYTCA+eyNIOITWNOTZTARHAOSINAYE AQ [euinofeunal/wod mm| sfeulnol//:dny wolj papeojumoq

€20¢/5¢/L0 uo

PHOTOBIOMODULATION THERAPY FOR LARGE DRUSEN ¢ BENLAHBIB ET AL 1247

AMD.!2 It is caused by mitochondrial dysfunction,
oxidative stress, lipidic deposition, and inflammation.?
The early visible changes in the macular area are dru-
sen and pigment changes.! Neovascular AMD is com-
monly treated by intravitreal injections of antivascular
endothelial growth factor.? Limited treatment options
are available for dry AMD, and only lifestyle changes
and the use of antioxidant supplements can be pro-
posed. A consequential alternate treatment plan is
needed for the most frequent form of AMD.3

Photobiomodulation (PBM), also called low-level
light therapy, involves specific use of selected wave-
lengths of visible to near infrared (NIR) light (510-800
nm). The light used for PBM is usually produced by
noncoherent light source such as light-emitting diodes
or a laser source.? The PBM procedure to selected tissues
produces several positive cellular effects.> The entire
mechanisms of this therapy are still not completely elu-
cidated. It was demonstrated that the selective wave-
lengths increase the activity of mitochondrial
cytochrome ¢ oxidase and subsequently increase mito-
chondrial membrane activity and ATP production.’
PBM therapy can also modulate retinal genes upregula-
tion or downregulation.* The gene expression analysis
identified an upregulation indicating rescued mitochon-
drial function.® Natoli et al confirmed increased expres-
sion of 126 neuroprotective retinal genes after PBM.%7
The antiinflammatory effect of PBM might be mediated
by complement cascade downregulation.* Several stud-
ies analyzed the mitochondrial activity and demonstrated
inhibition of intracellular superoxide but also increased
expression of manganese superoxide dismutase, leading
to antioxidative effect.* PBM seems as a potential non-
invasive therapeutic option in several disorders.3° A ben-
eficial effect has been demonstrated on mitochondrial
dysfunction, oxidative stress, and complement dysregu-
lation.? For these reasons, it was proposed in prevention
of macular apoptotic cell death in particularly against
progression of GA in patients affected by AMD.3

The aim of this study was to evaluate visual acuity
and morphologic changes after PBM in patients affected
with large soft drusen and/or drusenoid pigment epithe-
lial detachment (dPED) associated with dry AMD.

Methods

Type of Study

A prospective single-arm pilot study of 20 eyes (20)
with dry AMD, age-related eye disease study
(AREDS) categories 3 to 4, presenting soft drusen
and/or dPED were treated using the LumiThera Valeda
Light Delivery System (LumiThera, Inc. Poulsbo,
Washington, DC).

Procedure and PBM Treatment

After pupillary dilatation using two drops of
tropicamide placed in the treated eye with 15 minutes
delay starting 30 minutes prior PBM treatment. All
patients undertook two treatments per week for 5
weeks, a total of 10 treatments. The Valeda Light
Delivery System deliver in 250 seconds (s) exposure
time three different ranges of wavelengths in the
yellow (590 nm; 4 mW/cm?), red (660 nm; 65 mW/
cm?) and NIR (850 nm; 0.6 mW/cm?) in 4 phases.* In
the first and third phases, the yellow and NIR light are
pulsed during 35 seconds on an open eye. In the sec-
ond and fourth phases, a continuous red light is
exposed during 90 seconds on a closed eye.* Valeda
is CE-approved in the EU. Valeda was not FDA-
approved in the United States at the time of this report.

Ethic Statement

Our report was conducted allowing to the Interna-
tional Conference on Harmonization Guidelines for
Good Clinical Practice and the tenets of the Declara-
tion of Helsinki. The ethic committee of the Macula
French Federation gave its agreement to perform this
pilot study. All patients in our study provided written
informed consent.

Endpoints/Outcomes

Outcomes included changes from baseline in best-
corrected visual acuity (BCVA), near visual acuity,
retinal sensitivity (RS), fixation loss (FL), drusen
volume (DV), central drusen thickness (CDT), GA
surface, and QoL score.

Participant Criteria

Inclusion criteria were patients affected with dry AMD
with at least one large soft drusen (diameter >125 wm)
and/or dPED (diameter >250 wm) affecting the center of
the macula diagnosed on multimodal imaging including
fundus photographs, fundus blue autofluorescence, fluo-
rescein and indocyanine green angiography, spectral
domain optical coherence tomography (SD-OCT), and
swept source optical coherence tomography angiography
(SS-OCTA); subfoveal choroidal thickness >200 wm;
age older than 50 years; BCVA in the treated eye
between 20/200 and 20/20 Snellen chart (Early Treat-
ment Diabetic Retinopathy Study (ETDRS) equivalent to
35 and 85 letters); and BCVA in the fellow eye better
than or equal to 20/40 Snellen chart (ETDRS equivalent
to 70 letters). Exclusion criteria were neovascular AMD,
GA > 0.5 mm, hypertensive or diabetic retinopathy,
glaucomatous optic neuropathy, ocular surgery in the last
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3 months or planned for the following 6 months in the
study eye, all medications and systemic disorders induc-
ing ocular involvements and/or visual dysfunction,
migraine, epilepsy, and all allergies to adhesives or sub-
stance used.

Measurement of BCVA

BCVA was evaluated using a Snellen chart at 20
feet and then converted to equivalent ETDRS letters
score. The BCVA line evaluated using the Snellen
chart at 20 feet was validated in our study only when
all letters of the line have been read by the patient.
Near visual acuity was measured on the French Par-
inaud chart. RS and FL were recorded by
microperimetry-scotopic testing after mydriasis and
40 minutes of dark adaptation using C10 to 2 grid with
68 tested points (MAIA; CenterVue, Padova, Italy).
QoL score was assessed by using the Visual Function
Questionnaire (VFQ-25) composite score. Fundus
photographs by Solix FullRange OCT (Optovue Inc,
Freemont CA). GA was assessed using blue autofluor-
escence imaging with 488 nm wavelength (SPEC-
TRALIS OCT; Heidelberg Engineering). HRA
SPECTRALIS system (Heidelberg Engineering, Hei-
delberg, Germany) was performed at baseline and at
M6 for the acquisition of volume scans (15 X 10°)
comprising the 49 parallel lines of OCT B-scans for
the study eye. The automated real-time function aver-
aged the 16 images for each scan. The volumetric
analysis at baseline and at M6 of the large soft drusen
and dPED was measured by using SPECTRALIS
HRA system after semiautomatic segmentation of the
RPE and Bruch membrane within the central 6 mm
diameter of the macula comprising the 49 lines of the
OCT B-scans. The automatic segmentation using
SPECTRALIS HRA system was analyzed on each line
of the 49 B-scan OCT by two expert readers (SYC and
HO) and manually adjusted when the software failed
in the recognition of the Bruch membrane and RPE
lines. A third expert reader has been requested to make
the final decision when the two experts did not agree
(EHS). The volumetric analysis was compared
between baseline and M6. GA area at baseline was
quantitatively measured by the Region Finder Ana-
lyzer (Region Finder Software Heidelberg Engineer-
ing; Heidelberg Engineering) in the 488-nm blue
autofluorescence images. The homogenous hypoauto-
fluorescent surface of the blue autofluorescence
images prior and M6 after PBM was assessed to eval-
uate the growth rate. This surface analysis was calcu-
lated by two expert readers and confirmed by a third
reader (EHS) when the two expert readers disagree
(SYC and HO). SS-OCTA AngioVue Retina 6 x

6 mm by Solix FullRange OCT (Optovue Inc, Free-
mont CA) was used to detect any quiescent macular
neovascularization.

Assessments at W5

BCVA of 17 of 20 patients was evaluated the day of
the 10th treatment, just before the PBM session, using
the Snellen chart at 20 feet and then converted to
ETDRS letters score. At this point, patients benefici-
ated from 9/10 PBM sessions. The 3 of 20 remaining
patients came at this last session of treatment with an
already dilated pupil, and then, BCVA measurement
was not performed for these three patients. Data of DV
and CDT were recorded using HRA SPECTRALIS
system (Heidelberg Engineering, Heidelberg, Ger-
many) with an acquisition of volume scans (15 X
10°) comprising the 49 parallel lines of OCT B-scans
for the study eye. The automated real-time function
averaged the 16 images for each scan. The volumetric
analysis at W5 was performed with the same technique
as at baseline and M6.

Adverse Events

All adverse events reported by patients were
recorded over the time.

Statistical Analysis

The difference between baseline and M6 variables was
assessed with the Wilcoxon signed-rank test. A value of
P < 0.05 was considered significant. Stata 17 SE soft-
ware was used for statistical analysis (StataCorp, TX).

Results

Participant’s characteristics are summarized in
Table 1. This study included 20 eyes of 15 women
and 5 men. The mean age was 74.45 years (51-87).
The left eye was treated in 12 patients and the right eye
in eight patients. The rate of eyes with AREDS cate-
gory 3 AMD was 75% (15/20) and stage 4 was 25%
(5/20).

Outcomes at M6, compared with baseline: BCVA
improved significantly with a mean score gain of 5.5
letters (P = 0.007). Near vision improved with a mean
score or 1.15 line of the Parinaud chart. The QoL score
(VFQ-25) increased by 3.07 on average (P = 0.05). RS
decreased by 0.1 dB on average (P = 0.17). The mean
fixation stability increased by 0.45% (P = 0.72). DV
decreased by 0.11 mm? (P = 0.03) on average. CDT
was reduced by a mean of 17.05 um (P = 0.01) (Fig-
ures 1, 2). GA surface increased by a mean of
0.06 mm? (P = 0.01) (Figure 3) (Table 2). Outcomes
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Table 1. Summary Table of Results Comparison After Photobiomodulation Treatment From Baseline to M6 in Participants of Our Study

BCVA BCVA BCVA Dv DV DV CDT CDT CDT GA GA RS RS FL FL QOL QOL

Patient Age Sex AREDS BL W5 M6 BL W5 M6 BL W5 M6 BL M6 BL M6 BL M6 BL M6
1 86 F 3 80 _ 75 0,31 0,24 0,14 89 43 32 0 0,03 23,2 234 0 11 7276 75,33
2 69 F 4 75 75 85 2,13 2,13 0,43 132 96 16 0,26 0,3 16,8 22,9 0 0 71,98 83,14
3 74 F 3 80 80 80 05 048 0,48 34 42 36 0 0 23,2 22,1 13 0 83,07 83,07
4 82 F 3 80 85 85 06 054 0,5 38 38 27 0 0 236 239 14 0 86,28 94,32
5 74 F 3 70 60 75 1,41 1,42 1,83 342 351 289 0 0,8 16,3 14,6 0 0 63,14 41,80
6 68 F 4 70 75 80 0,48 0,54 0,49 37 43 22 024 027 205 193 11 0 45,75 48,92
7 73 M 3 85 85 85 0,52 0,56 0,46 75 70 41 042 046 21,9 218 20 0 71,98 83,51
8 56 M 3 85 85 85 1,5 1,35 1,48 204 181 164 0 0 229 222 0 13 75,33 83,72
9 74 F 3 70 80 85 08 0,75 0,67 38 38 33 0 0 21,3 22,6 0 0 72,76 76,13
10 51 M 3 80 80 85 0,66 0,66 0,7 151 152 154 0 0 26 25,7 0 13 80,04 88,49
11 70 F 3 85 85 85 0,74 0,81 0,69 70 68 45 0 0 23,1 21,6 0 0 83,07 83,14
12 86 F 4 65 70 80 0,3 0,36 0,34 103 122 120 0,31 0,33 21 20,1 0 0 46,99 67,96
13 69 F 3 75 _ 85 0,97 1,02 1,02 142 162 161 0 0 23 23,5 0 0 80,07 75,73
14 83 F 3 70 _ 75 05 046 0,46 62 52 56 0 0 23,8 21,9 0 0 83,75 87,91
15 76 F 3 70 60 60 094 082 086 260 231 255 0 0 11,8 11,3 0 13 41,52 54,12
16 77 F 4 85 85 85 0,75 0,64 0,6 59 47 49 0,07 0,07 124 11,6 0 0 71,06 57,31
17 87 M 4 75 80 85 0,58 0,49 0,5 25 18 15 0,22 0,38 151 143 0 0 83,63 80,86
18 86 F 3 80 80 85 0,48 0,46 0,5 20 18 26 0 0 21,4 19,7 11 10 50,01 50,97
19 79 M 3 55 70 85 0,49 0,47 0,47 25 31 32 0 0 21,7 24,1 0 0 93,93 97,91
20 69 F 3 85 85 85 0,61 0,61 0,57 39 34 31 0 0 21,1 214 0 0 93,75 97,91

AREDS, age-related eye disease study score; BCVA, best corrected visual acuity in EDTRS (early treatment diabetic retinopathy study) letters score; BL, baseline; CDT, central
drusen thickness (wm); DV, Drusen volume; FL, fixation loss; GA, geographic atrophy (mm?); M6, Month 6 follow up; QOL, quality of life score using the visual function questionnaire-25
(VQF-25); RS, retinal sensitivity (dB); W5, Week 5 follow up.
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Table 2. Six Months Change After Photobiomodulation Treatment From Baseline in Functional and Anatomical Outcome
Measures for the 20 Participants of Our Study

Measure Mean (BL) Mean (M6) Change BL-M6 P
BCVA (letters) 76.00 (+8.04) 81.50 (+6.30) +5.5 0.007
DV (mm3) 0.76 (+0.45) 0.65 (+0.39) - 0.11 0.03
CDT (um) 97.25 (+86.56) 80.2 (+82.02) -17.05 0.01
GA (mm2) 0.07 (+0.13) 0.13 (£0.22) +0.06 0.01
RS (db) 20.5 (+3.91) 20.40 (=4.16) - 0.1 0.17
FL (%) 3.45 (+6.36) 3.00 (*+5.35) - 045 0.72
QOL score 72.54 (£15.59) 75.61 (=16.71) +3.07 0.05

Means beside the SD (bracketed) values are indicated. The P-values is analyzed by the Wilcoxon signed-rank test. It is related to the
significant difference in mean change in our study.

BL, baseline; M6, at 6 months follow-up; AREDS category, age-related eye disease study category; BCVA, best-corrected visual acuity
in ETDRS (Early Treatment Diabetic Retinopathy Study) letters score; DV, drusen volume (mm?); CDT, central drusen thickness (um); GA,
geographic atrophy (mm?); RS, retinal sensitivity (dB); FL, fixation loss; QOL, quality of life score using the Visual Function Questionnaire-

25 (VFQ-25).

at W5: We observed a nonstatistically significant
improvement in BCVA (P = 0.44) and nonstatistically
significant decrease in DV (P = 0.23) and CDT (P =
0.27) (Table 3).

Outcomes between W5 and Month 6: A statistically
significant BCVA improvement was noted, with a
mean score gain of 3.68 letters (P = 0.007). CDT
decreased significantly (P = 0.02). However, decrease
of DV (P = 0.21) was not statistically significant
(Table 3) (Figures 1, 2).

Compliance was high with 100% of participants
presented to all treatment procedures. A rupture of
dPED was diagnosed at M6 follow-up in one patient
with a decreased dPED volume and thickness (Fig-
ure 4). Vitreous floaters were reported in one patient.

Discussion

LIGHTSITE I was a sham-controlled, double-
masked, single-center, and randomized study that
reported several functional and structural benefits of
PBM therapy in eyes presenting intermediate AMD.3
The improvement of BCVA was estimated at 3.8 let-
ters at M1 and 4.1 letters at M3 in previous studies.?

The visual benefit of PBM therapy on BCVA seemed
to diminish at M6 with a main gain score of 2.4 let-
ters.> In the LIGHTSITE 1I study, the main gain score
of BCVA at M9 was 2.30 letters.!® The TORPA 1
study revealed a statistically significant amelioration
of BCVA at M12.'! The TORPA 2 study confirmed
this outcome with a main gain score of 5.90 letters at
M1 and 5.14 letters at M3.!2 Our study supports this
favorable effect of PBM with a 5.5 letters improve-
ment at M6. This outcome is in accordance with the
recently released results of the LIGHTSITE III study
(5.5 letters at M13) (SEATTLE, March 22, 2022/
PRNewswire/LumiThera Inc) (https://eu.lumithera.
com/category/press-releases/). According to the TOR-
PA 2 study, the main gain score in BCVA seemed to
be more important at the end of treatment and dimin-
ished after, which differs from our result (W5).12 This
difference may be explained by the differences in
devices, time duration, NIR dosages used, and GA
surface of eyes (7.01 mm? *5.22 in the TORPA 2
study vs. 0.07 mm? *0.13 in our study).'> The
LIGHTSITE I study reported a best mean score gain
of 4.1 letters at M3 after PBM.3 In our study, BCVA
improvement was statistically significant particularly
from W5 to M6 with a mean score gain of 3.86 letters

Table 3. Changes in Best-Corrected Visual Acuity and Anatomical Outcome Measures After Photobiomodulation
Treatment in Our Study From Baseline to 5 Weeks and From 5 Weeks to 6 Months

Total of Change Change P BL- P W5-
Measure Patients Mean (BL) Mean (W5) Mean (M6) BL-W5 W5-M6 W5 M6
BCVA 17 76.17 (+8.57) 77.64 (=8.31) 81.50 (+=6.30) +1.47 +3.86 0.44 0.007
(letters)
DV (mm3) 20 0.76 (+0.45) 0.74 (+0.44) 0.65 (+0.39) -0.02 -0,09 0.23 0.21
CDT (um) 20 97.25 (+86.56) 91.85 (+=85.71) 80.2 (=82.02) -5.4 -11.65 0.27 0.02

Means beside the SD (bracketed) values are indicated. The P-values is analyzed by the Wilcoxon signed-rank test. It is related to the

significant difference in mean change in our study.

BL, baseline; W5, at 5 weeks follow-up from baseline, the end of photobiomodulation (PBM) treatment; BCVA, best-corrected visual
acuity in ETDRS (Early Treatment Diabetic Retinopathy Study) letters score; DV, drusen volume (mm?3); CDT, central drusen thickness

(em).

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.



PISTSHORA+2ZM8eAAAAVO/FOAEIDVIASALLIAIPOOAEIEAHIOIN/AD AUMYTXOMADY

OINXYOHISABZIYTCA+eyNIOITWNOTZTARHAOSINAYE AQ [euinofeunal/wod mm| sfeulnol//:dny wolj papeojumoq

€20¢/5¢/L0 uo

PHOTOBIOMODULATION THERAPY FOR LARGE DRUSEN ¢ BENLAHBIB ET AL 1251

Patiemt 2 y Patient 11

Fig. 1. B-scan spectral domain optical coherent tomography (SD-OCT) demonstrating drusen reduction in a left eye with dry AMD treated by PBM.
Baseline (A) imaging showing large macular drusenoid pigment epithelial detachment (PED) in patients 1 and 2 and soft drusen in patient 11. Week 5
(B) B-scan SD-OCT showing drusen volume evolution with a main reduction at the time points between week 5 and month 6. Month 6 (C) imaging
illustrates the complete reduction of the drusenoid PED and soft drusen after a series of 10 photobiomodulation (PBM) treatments.

(P = 0.07). This result is in accordance with the
LIGHTSITE I study that used the same device, same
parameters, and regimen but a higher rate of eye with
GA (66.7% vs. 30% in our study). Therefore, the main
visual benefit probably continues to grow 5 months

Aver g Thansens ool

lines has been revealed.

after treatment ended.? These preliminary results sug-
gest that PBM may provide a therapeutic option for
patients with dry AMD mainly in its early stages and
may potentially slow the progression of the disease.
Microperimetry improvement is controverted in the

Fig. 2. Illustrative example of
volumetric evaluation of a low-
reflective homogenous drusen
larger than 125 um using
SPECTRALIS HRA system
after segmentation of the RPE
and Bruch membrane (BM)
within the central 6-mm diam-
eter of the macula. Analysis of
each ETDRS subgrid showed
drusen volume (DV) and mean
central drusen thickness reduc-
tion in an eye categorized as
AREDS 3 treated by photo-
biomodulation (PBM) (patient
N1). Baseline (A) SD-OCT
illustrates DV of 0.31 mm? with
CDT of 89 um. On the left side,
the color-coded drusen thick-
ness map illustrated the ana-
tomical improvement. Week 5
(B) SD-OCT showed DV
reduction to 0.24 mm? with
CDT of 43 wm. On the left side,
the color-coded drusen thick-
ness map illustrated the ana-
tomical improvement. At month
6 after PBM therapy (C) SD-
OCT demonstrated a global
decrease in DV (0.15 mm?) and
CDT (32 pm). SD-OCT con-
firmed no newly development
of geographic atrophy (GA), or
irregularity of the photoreceptor

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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Fig. 3. B-scan spectral domain optical coherent tomography (SD-OCT)
illustrating drusen reduction and GA in a right eye with dry AMD
categorized as AREDS 4 treated by photobiomodulation (PBM).
Baseline (A) imaging showing macular drusen. Week 5 (B) B-scan SD-
OCT showing incomplete drusen resolution. Month 6 (C) imaging
revealing GA after drusen resolution.

literature.>!! We noted a nonstatistically significant
decrease of FL and RS in our study.

In the TORPA 2 study, OCT monitoring showed a
reduction in CDT by a mean of 3.78 um at M3 (vs.
17.05 wm at M6 in our study).'? In the LIGHTSITE 1
study, 70% of eyes included presented a reduction in
DV at M12 (vs. 70% at M6 in our study).? As reported
in the LIGHTSITE 1II study, DV was not increased at
M9 in PBM-treated eyes while it was increased in the
sham-treated group.'® In our study, mean decrease of
DV and CDT was statistically significant over a period
of 6 months from baseline. The CDT decrease was
statistically significant only from W5 to M6. The
DV decrease from baseline to W5 and from WS to
M6 was nonstatistically significant. Moreover, as re-
ported in the literature, the statistically significant
change in mean DV in AMD requires a long-period
assessment, at least one year.>'3 This outcome high-
lights the interest of long-term assessment after PBM
treatment. It suggests that anatomical benefit continues
probably to increase over time after treatment ended.
Previous studies suggest that PBM therapy is prefera-
bly suitable to AREDS stages 2 to 4 AMD.* All trea-

ted patients in our study were in AREDS stages 3 to 4
AMD (stage 3 [75%] and stage 4 [25%]). We previ-
ously demonstrated that PBM on reticular pseudodru-
sen, in five cases, showed a decreased number of stage
3 reticular pseudodrusen, which is in accordance with
anatomical benefits in our study.!*

Previous reports revealed that drusen development
and resolution are in a constant course of change.’!
Drusen resolution can leave behind GA.*> Large dPED
can also collapse and disappear without leading to addi-
tional photoreceptors and RPE disruption and loss.? The
mean rate of GA progression for total populations re-
ported in available studies is 1.78 mm?/year.'® Regard-
less of the lack of the group control in our study, 35%
patients increased or developed GA with a mean rate of
0.06 mm?/6 months, which is not significant compared
with the half of the rate (1.78 mm?/year) corresponding
to the natural progression of GA. Moreover, Markowitz
SN and al. through a sham-controlled, randomized,
double-masked study of 46 eyes with dry AMD showed
no progression of GA lesion was recorded in the PBM-
treated study eyes in comparison with the sham-treated
eyes at M12 (P > 0.05).3 Furthermore, the LIGHTSITE
II study reported a 20% less growth of GA in the PBM-
treated patients at M9 compared with sham-treated
eyes.!? This outcomes suggested that PBM therapy
can probably protect patients with large drusen and
dPED associated with dry AMD from appearance
and/or progression of GA.

Querques et al suggested that lesion preceding RPE
apertures of the avascular PED is focal atrophic
progression of the drusenoid material.'” Therefore,
drusenoid materiel regression related to PBM therapy
may possibly be involved of the dPED rupture in our
study. Moreover, several studies investigated the rela-
tionships between RPE and DV changes during the
PED lifecycle.!8-2° However, further long-term stud-
ies, with control groups, are needed to determinate
whether GA and dPED rupture are associated with
the natural progression of the disease or a consequence
of PBM treatment.

PBM treatment provided an increased QoL at M6 in
our study. This outcome is in accordance with the
other quantitative clinical outcome measures and the
(VFQ-25) composite score analysis in PBM-treated
patients for dry AMD in the previous studies.> This
improvement in QoL can potentially provide more
independence and decrease the limitations in lifestyle
for these patients. Actually, there is no consensus on
PBM therapy regimens.” Indeed, different duration,
dosages, and frequency of the NIR light have been
experienced in previous studies with varying effi-
ciency.? In the LIGHTSITE I study, patients were
treated with the LumiThera Valeda Light Delivery
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System, which delivers a total of 250 seconds (4
minutes 10 seconds) three distinct wavelengths in the
yellow (590 nm), red (660 nm), and NIR (850 nm)
ranges.® Patients underwent two series of PBM treat-
ments over 1 year using a regimen of three sessions
per week for 3 weeks with a total of nine treatment
sessions per series.> The LIGHTSITE II and LIGHT-
SITE III studies also used the Valeda device.'® The
regimen adopted in both studies is approximately three
sessions per week for 3 weeks in LIGHTSITE II and 3
to 4 weeks for LIGHTSITE II1.'° Treatment duration
was different in the LIGHTSITE II study approxi-
mately 5 minutes per session with a frequency of three
series of PBM treatment per year at baseline, M4, and
M8.10 The frequency of treatment in the LIGHTSITE
IIT study was approximately six series over 24 months
at baseline, M4, M8, M12, M16, and M20 (SEAT-
TLE, March 22, 2022/PRNewswire/LumiThera Inc;
https://eu.lumithera.com/category/press-releases/).

The prospective interventional case series TORPA 1
treated dry AMD patients with a regimen of 18 ses-
sions over a 6-week period using two devices.!! The
first one is Warp 10 (Quantum Devices, Newark, OH)
with treatment parameters of 670 nm = 15 nm at 50 to
80 mW/cm?2, 4 to 7.68 J/cm?, for 88 * 8 seconds.!!
The second device is GentleWaves (Light Bioscience,
Virginia Beach, VA) using treatment parameters of
590 nm £ 8 nm at 4 mW, 790 nm *= 60 nm at 0.6
mW, for 30 seconds.'! In the TORPA 2 study, the
regimen used was nine sessions over a limited 3-week

Fig. 4. B-scan spectral domain
optical coherent tomography
(SD-OCT) showing the pigment
epithelial detachment (PED) at
baseline (A) and week 5 (B).
The PED rupture (red arrow)
occurred at month 6 (C) after
photobiomodulation (PBM)
treatment in our patient.

period using sequentially the same two devices oper-
ated in the TORPA 1 study.'? The PBM treatment
parameters for the Warp 10 were wavelength 670 =
15 nm delivering 50 to 80 mW/cm? (4-7.68 J/cm?) for
88 * 8 seconds and for the GentleWaves were wave-
lengths of 590 = 8 nm at 4 mW and 790 = 60 nm at 0.
6 mW, both for 35 seconds, pulsed at 2.5 Hz (250
milliseconds on, 150 milliseconds off, delivering 0.1
J/cm?/treatment).!? In the LIGHTSITE II, patients had
three PBM treatments per week for 3 to 4 weeks, every
4 months.'® The PBM exposure regimen used in our
study is limited to two treatments per week for 5
weeks with a total of 10 treatment sessions. This reg-
imen was determined for convenience reasons for
elderly patients to decrease the number of visits per
week. We hypothesized that reduction of the number
of visits per week would make the treatment more
acceptable by the patients and their accompanying
person. Finally, we observed a total (20/20) compli-
ance in our study. In addition, we hypothesized that,
with our protocol, the benefit of the treatment could be
observed for 6 months that could allow reducing the
number of series per year. Thus, patients could benefit
for a series of treatment every 6 months instead of a
series of treatments every 4 months, as performed in
the LIGHTSITE 1I study.'?

Ferroptosis, the recently revealed programmed cell
death pathway, is a consequence of lipid peroxidation
leading to iron-dependent accumulation.?! Previous
studies revealed present iron accumulation and lipid
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peroxidation increase in the aging retina. These out-
comes evidenced ferroptosis involvement in AMD
pathogenesis.?!

Lederman et al?? validated that exogenous oxidative
stress caused by intravitreal injection of paraquat leads to
an upregulation of an iron transporter called transferrin,
and the main intracellular iron storage molecule termed
ferritin, in mice degenerating retinas. Therefore, this up-
regulation may reduce the availability of iron to the Fen-
ton reaction, improving consequently oxidative damage.
Lederman et al suggested that the amelioration of the
oxidative defense mechanism can probably protect ret-
inas underdoing chronic oxidative stress.?! Thereby, we
highlight the relevance of clarifying through further stud-
ies whether additional origins of oxidative injury as pho-
tic damage, light and PBM, are implicated in iron
metabolism upregulation in AMD, explaining accord-
ingly visual and anatomical improvements in our study.
A better understanding of the mechanism of action of
PBM therapy could likely improve the procedure and the
protocol of use. It could probably extend its use to other
pathologies, in particular those secondary to the dysfunc-
tion of RPE cells with limited therapeutic options.

Despite the lack of control group and limited
number and follow-up of included patients, the
outcomes of this study highlighted the overall efficacy
and safety of PBM for treatment of large soft and
dPED drusen associated with dry AMD, supporting
prior reports.* Nevertheless, long-term and larger stud-
ies are needed to determine whether the effectiveness
is stable or whether repeated PBM procedures are
needed to maintain the visual improvement.

Key words: age-related macular degeneration,
drusen, photobiomodulation, retinal sensitivity,
visual acuity.
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