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Purpose: Diabetes is associated with ocular complications including diabetic macular edema (DME). Current therapies are invasive
and include repeated intravitreal injections and laser therapy. Photobiomodulation (PBM) is a treatment (Tx) that utilizes selected
wavelengths of light to induce cellular benefits including reduction of inflammation and edema. This single-center, open-label, post-
hoc analysis explored the utility of multiwavelength PBM in subjects with DME.

Methods: Analysis included review of data from patients undergoing standard clinical care with an approved and marketed PBM
medical device, the Valeda®™ Light Delivery System. Subjects with early-stage DME with good vision (Best-corrected visual acuity
(BCVA) > 20/25, logMAR > 0.1) were evaluated in clinic and treated with one series of multiwavelength PBM (Tx delivered 3x/week
over 3—4 weeks; total of 9 Tx sessions). Clinical, anatomical, and safety parameters were assessed in addition to subjective quality of life.
Results: A total of 30 eyes (19 subjects) were analyzed. Subjects were predominately male (68.4%) with a mean age of 56 = 14 years.
Reductions in central retinal thickness (CRT), resolution of intraretinal fluid (IRF) and improvement in diabetic retinopathy severity
scale scores were observed following PBM treatment in select patients. Baseline BCVA remained stable over the follow-up
observation period of 3 months post-PBM. Approximately 64% of patients reported subjective improvements in their ocular condition
and decreased influence in everyday life. Detailed OCT evaluations confirmed no safety issues related to phototoxicity up to 16
months.

Conclusion: Early-stage DME subjects treated with Valeda multiwavelength PBM showed improvements in clinical and anatomical
parameters. The Valeda multiwavelength PBM approach demonstrates a favorable safety profile with no signs of phototoxicity
following an independent OCT review. PBM therapy may offer an alternative, non-invasive treatment strategy with a unique
mechanism and modality for patients with early-stage DME.

Keywords: photobiomodulation, diabetic macular edema, low level light therapy, diabetic retinopathy, central retinal thickness,
Valeda Light Delivery System, DME, PBM, DR, CRT

Introduction

Prevalence of type 1 (T1DM) and type 2 (T2DM) diabetes have reached a state of epidemic highs with the incidence of
diabetes increasing at an alarming pace.' ™ Worldwide, diabetes is estimated to affect 463 million people and future
estimates suggest an increase to 578 million by the year 2030." Diabetes can cause serious sight threatening complica-
tions like diabetic retinopathy (DR) and diabetic macular edema (DME).”> Within the first 10 years of living with
diabetes, retinopathy can be diagnosed in nearly all TIDM patients and in over 60% of those with T2DM.® A meta-
analysis of pooled incidence of diabetic eye disease among individuals with diabetes in Europe shows a 25.7% and 3.7%
prevalence of DR and DME, respectively. A meta-regression shows a higher prevalence of DR in persons with TIDM
compared to persons with T2DM (54.4% vs. 25%). In Europe, it is estimated that persons with diabetes affected by any
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diabetic eye disease will increase from 6.4 to 8.6 million by 2050, of whom 30% will require close monitoring and/or
treatment.”

DME is a severe ocular complication of diabetes which affects best-corrected visual acuity (BCVA) and can lead to
blindness if left untreated.® The pathophysiology of DME is complex, involving oxidative stress, mitochondrial
dysfunction, elevated concentrations of vascular endothelial growth factor (VEGF) and a breakdown of the inner blood-
retinal barrier, resulting in the extracellular fluid accumulation in the macula and decreased vision.” DME is characterized
by cystic thickening of the retina and/or lipid deposition The long-term prognosis for DME is poor, and treatment is
recommended immediately, once a patient is diagnosed.'® However, patients are typically not started on treatment before
visual impairment is present.'' Evidence from randomized, controlled trials indicates that early intervention in DME is
imperative for optimal improvement in vision outcomes.'>'* Improvement in the pathological underpinnings of the
disease at earlier stages prior to significant visual impairment is of interest.

Until recently, the standard ophthalmic treatment for patients with visual impairment due to DME was non-
pharmacological interventions including laser photocoagulation, which provides vision stabilization. The use of intravi-
treal treatments (IVT) of agents that inhibit vascular endothelial growth hormone (anti-VEGF) has replaced laser
photocoagulation as first-line therapy based on several multi-center clinical trial data demonstrating superiority over
laser treatment.'> However, treatments with anti-VEGF agents are invasive, requiring multiple repeated injections into
the eye, are expensive, and are only partially effective in some patients. Intravitreal injections also have potential severe
sight-threatening complications such as endophthalmitis or retinal detachment.'” The development, testing and applica-
tion of novel treatment strategies is critical for reducing the impending clinical and socioeconomic burden of diabetic eye
disease state and will provide quantifiable benefits to a patient population that demonstrates a significant need for
clinical aid.

Photobiomodulation (PBM) involves the use of visible light to near infrared light (NIR) (500-1000 nm) produced by
a laser or a non-coherent light source applied to the surface of the body to produce beneficial effects in a wide range of
disease states.'®'” The mechanism of PBM at the cellular level has been ascribed to the activation of mitochondrial
respiratory chain components resulting in stabilization of metabolic function and initiation of signaling cascades, which
promote cellular proliferation and cytoprotection.”®** A growing body of evidence suggests that Cytochrome ¢ Oxidase
(CcO) is a key photoacceptor of light in the far red to NIR spectral range and the primary mode for mechanistic
underpinnings.’®** The utility of PBM in ocular indications has been explored both preclinically and clinically and
shows promising results in both clinical, anatomical and quality of life (QoL) endpoints.*2¢

Several independent studies show potential benefit of PBM in patients with DME.?”** Oxidative stress and local
inflammatory changes are believed to contribute to progression of DME. PBM shows inhibitory effects on both oxidative
stress and inflammatory processes and therefore may be of benefit in DME.?” This series of case studies aimed to
investigate through a post-hoc analysis the potential impact of multiwavelength PBM on clinical, anatomical, and QoL

parameters in early-stage DME patients with good vision.

Materials and Methods
Study Subjects

This study was retrospective in design and included subjects who had a diagnosis of early-stage DME, best-corrected visual
acuity (BCVA) scores of > 20/25 (logMAR > 0.1) with no urgent need for IVT (i.e., no significant acute or persistent edema, no
proliferative DR, no acute vision impairment). Patients were included with evidence of DME, either defined by the presence of
intraretinal cysts, or diffuse retinal thickening defined by presence of an increased retinal thickness (focally) associated with
hyporeflectivity of the outer nuclear layer within the whole 6x6 mm optical coherence tomography (OCT) volume scan,
lacking clearly well-defined cystic spaces with or without the presence of accompanying hard exudates (HEs). Patients which
had received IVT in the past due to a worse condition at that time, responded well to IVT, and thus had returned to (and
maintained) a milder DME were eligible. Eligibility was dependent on the latest IVT (> 6 weeks prior) provided all inclusion
criteria were met. Data was evaluated from patients who consented from a single clinical site in Dusseldorf, Germany (MVZ
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Breyer Kaymak Klabe). Use of patient data was approved at the local ethic committee (No. 2018124 Ak Nordrhein). All
patients provided informed consent on the processing and publication of their ocular and QoL data in anonymized form.

Photobiomodulation Treatment

The Valeda® Light Delivery System (Valeda; LumiThera, Inc, Poulsbo, WA, USA) delivered multiwavelength PBM
treatment via light emitting diodes (LED) at selected wavelengths (590, 660, and 850 nm). Delivery of multiwavelength
PBM provides a multi-targeted approach at the cellular level driving benefits in clinical outcomes. Treatment followed
the previously published protocol using a repeated intermittent design. Each treatment series consisted of 9 PBM sessions
delivered 3x/week over 3-4 weeks.***! Modifications to the protocol were imposed in cases due to scheduling conflicts.
Each treatment session took approximately <5 minutes per eye. Each eye was treated independently. Valeda delivered
590 nm (4 mW/cm?) and 850 nm (0.6 mW/cm?) wavelengths combined through the open eyelid and the 660 nm (65 mW/
cm?) wavelength through the closed eyelid. Valeda has CE-approval in the European Union.

Ophthalmic Examination

Clinical outcomes included BCVA as assessed by objective refraction (KR-800, Topcon Healthcare, Germany).
Anatomical outcomes utilized OCT (Cirrus 5000 and Cirrus 6000, Carl Zeiss, Germany) imaging performed before
PBM treatment at Baseline, immediately after the 9 treatment sessions (Month 1) and at ~ 3 months follow-up (Month 3).
Presence of DME was defined by the presence of intraretinal + subretinal fluid (SRF) + presence of HEs on OCT.
Presence of intraretinal fluid (IRF) was defined either by the presence of intraretinal cysts and/or by the presence of
diffuse retinal thickening. Diffuse retinal thickening was present in the case of an increased retinal thickness (focally)
associated with hyporeflectivity of the outer nuclear layer, lacking clearly well-defined cystic spaces. Subjects received
IVT if they met the indications in accordance with the Statement of the German Ophthalmological Society, the German
Retina Society, and the Professional Association of Ophthalmologists in Germany on treatment of DME.** Using the
OCT-images, the following anatomical parameters were assessed by an independent leading retinal imaging expert
(Marion R. Munk) to establish both safety and anatomical benefits: central 1 mm subfield retinal thickness (CRT), retinal
volume (RV), presence of IRF, SRF, HE, epiretinal membrane (ERM), disorganization of inner retinal layers (DRIL), and
vitreomacular traction (VMT). Safety parameters including Integrity of photoreceptor layers (PR) and integrity of retinal
pigment epithelium (RPE) were evaluated. Wide field color fundus images (California™, Optos LLC, Dunfermline, UK)
were taken before and after PBM treatment and were analyzed to evaluate the diabetic retinopathy severity score (DRSS).
The number and intervals of IVTs that became necessary due to a deterioration in the patient’s visual performance or
other factors as individually decided by the treating ophthalmologist were analyzed as a parameter to assess PBM
treatment. Efficacy and safety data over a follow-up observation period extending up to 16 months were analyzed.
Approximately three months after initial PBM treatment, a site-specific customized questionnaire using the Likert scale
was delivered to assess individual subjective evaluation of QoL, visual performance, influence on everyday life, and
attitudes towards PBM.

Statistics
Statistical analyses and illustrations were performed using Microsoft Excel 2015 (Microsoft Co., Seattle USA), SPSS
Statistics (IBM Inc., New York, USA) and language R (www.r-project.org). For the comparison of CRT and CRV during

the 3 visits, a linear mixed effects model was used. For the comparison of categorical outcomes in IRF, SRF, HE, ERM,
DRIL, VMT, PR, RPE, and DRSS during the 3 visits the McNemar’s test was employed. Due to the pilot nature of this
retrospective analysis of patient data, not all parameters could be analyzed for all patients.

Results

Subject Characteristics
A total of 19 subjects (30 eyes) were evaluated. Patients with DME and good vision were treated with one series of 9
multiwavelength PBM sessions using Valeda and were followed for an average of 371.33 + 135.36 days. Follow-up
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periods extended up to 16 months post-PBM treatment if data was available. Data was collected from a higher number of
male subjects (n = 13, 68.4%) versus female (n = 6, 31.6%) with a mean age of 56 = 14 years (range: 27-76 years). At
Baseline, all subjects presented with good BCVA at 0.08 + 0.13 logMAR (range: —0.1-0.4 logMAR). A total of 6
subjects (31.6%) were diagnosed with T1DM, 12 subjects (63.2%) with T2DM and 1 subject (5.3%) with T3DM. The
mean interval between DM diagnosis until PBM treatment was 33.3 (SD 12.80), 18.17 (SD 7.93), and 3 years,
respectively. A total of 12 subjects (63.0%) reported no changes in lifestyle (i.e., pregnancy; weight loss; trying of
different lifestyles; work loss; changes in diet, drinking behavior and sugar intake) during PBM treatment.

Clinical Results

HbAlc Values

The mean HbA1c values during and after PBM treatment for subjects with T1DM, T2DM, and T3DM were as follows: TIDM,
8.0% and 7.7%; T2DM, 7.7% and 7.9%; T3DM 9.5% and 8.5%. A total of 11 subjects (58.0%) reported a stable Hb1Ac value.

Best-Corrected Visual Acuity

Mean BCVA at Baseline was 0.08 = 0.13 logMAR (n = 30), 0.06 + 0.09 logMAR (n = 30) at Month 1, and 0.08 + 0.09
logMAR (n = 30) at Month 3. BCVA scores were maintained following PBM treatment with no statistically significant
difference observed in BCVA at follow-up visits.

Central Retinal Thickness

Mean CRT was slightly elevated and above normal values in these early, good vision subjects. Mean CRT at Baseline was
293.6 + 50.3 um and significantly reduced at Month 1 to 284.1 £ 39.4 um (p = 0.04; n = 30, LME model). At Month 3,
CRT was 289.2 £ 46.9 pm which was not statistically significant (Table 1; Figure 1).

Retinal Volume
Mean RV at Baseline was 10.28 + 0.76 mm® and 10.28 + 0.78 mm® at Month 1 (n = 28). At Month 3, mean RV was 10.25
+0.79 mm> (n = 29) (Table 1). No statistically significant changes were observed between visits (p > 0.05).

Intraretinal Fluid
All 30 eyes enrolled showed IRF at Baseline: intraretinal cysts were present in 27 eyes (90.0%) and diffuse retinal
thickening without clearly well-defined hyporeflective cystic spaces was present in 3 eyes (10.0%). IRF was completely

Table | PBM Effect on Anatomical Outcomes

Baseline Month | Month 3
Imm CRT
Min, Max 212, 466 209, 385 210, 435
Mean (SD) 293.63 (50.26) | 284.10 (39.40)* | 289.17 (46.85)
RV
Min, Max 9, 12.1 9, 124 9.2, 124
Mean (SD) 10.28 (0.76) 10.28 (0.78) 10.25 (0.79)
IRF
Absent 0 10 6
Present 30 20 24
Intraretinal cysts
Absent 3 10 6
Present 27 20 24

Notes: *CRT was significantly reduced at Month | (p = 0.04; LME). RV was not
statistically significant between Baseline and Month | (p = 0.70; LME, n = 28) or
Month 3 (p = 0.50; LME, n = 29).

Abbreviations: CRT, Central retinal thickness; RV, Retinal volume; SD, Standard
deviation; LME, linear mixed effects model.
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Figure | Reduction of CRT Following PBM Treatment. OCT imaging for the selected subject showed a reduction of CRT and HE following PBM treatment.
Abbreviations: CRT, central retinal thickness; HE, hard exudates.

resolved in 10/30 eyes (33.3%) following PBM treatment at Month 1 (p < 0.0001; McNemar's test). At Month 3, 24/30
eyes (80.0%) showed IRF (p < 0.0001; McNemar's test) (Figure 2). IRF within the central 1 mm subfield was present in
21/30 eyes (70.0%) at Baseline but in only 16/30 eyes (53.3%) at Month 1 and at Month 3. A significant decrease in
central 1 mm subfield IRF was observed (p = 0.06; McNemar's test).

Subretinal Fluid and Hard Exudates
SRF was present in only 1/30 eyes (3.3%) analyzed at Baseline. This SRF was fully resorbed at Month 1 and none of the

eyes developed SRF from Baseline to Month 3. HEs were present in 20/30 eyes (66.7%) at Baseline. At Month 1, 16/20
eyes (80.0%) showed HE; thus, in 20.0% of eyes HEs were fully resorbed. However, this finding was not statistically
significant (p = 0.13; McNemar’s test). At Month 3, 19/20 eyes (95.0%) showed HEs (p = 1.00; McNemar's test)

compared to Baseline.
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Figure 2 Reduction of IRF Following PBM Treatment. IRF at Baseline was present in all 30 eyes, in 20/30 eyes at Month |, and in 24/30 eyes at Month 3. A statistically
significant decrease could be found between Baseline and Months | and 3 (*p < 0.0001; McNemar’s test).
Abbreviation: IRF, intra-retinal fluid.
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Additional OCT Parameters
In 8 eyes (26.7%), ERM was detectable at Baseline and Month 1, and in 9 eyes (30.0%) at Month 3. During Baseline,
Month 1, and Month 3, no changes in DRIL or in VMT were observed.

Integrity of Photoreceptor Layers and Retinal Pigment Epithelium

No loss of outer retinal integrity (integrity of ELM, EZ and 1Z) could be found in 18/30 eyes (60.0%) analyzed at
Baseline and Month 1. No loss of outer retinal integrity was observed in 16 eyes (53.3%) at Month 3. In the remaining 12
eyes (40.0%), where a loss of PR integrity was detectable already at Baseline, it remained stable following PBM
treatment at Month 1 which was maintained through Month 3. For 7/12 eyes (58.3%), previous focal laser scars were the
underlying source of loss in integrity. After 3 Months, 2 eyes (6.7%) showed PR disintegrity, which was not present at
Baseline. In 1 eye (3.3%), a small focal EZ disruption developed exactly below an intraretinal cyst which has decreased
in size at Month 3. The other eye had drusen due to age-related macular degeneration and a small focal EZ disruption
developed at the site of a druse. In 22/30 eyes (73.3%) no loss of RPE integrity was identified. In the remaining 8 eyes,
RPE defects could be detected at every visit, however in 5 eyes this was due to focal laser scars. No changes in RPE
integrity status were found between the 3 visits. No adverse events (ocular or systemic) were reported by subjects during
the study period.

Diabetic Retinopathy Severity Scale

Optos wide field images were available prior (n = 28) and approximately 3 months after PBM treatment (n = 24). In 21/
24 eyes (87.5%) assessed, no change in DRSS score was found. One eye improved from mild NPDR (DRSS score: 35) to
very mild NPDR (DRSS score: 20). In 3 eyes, DRSS improved from moderately severe NPDR (DRSS score: 47) to
moderate NPDR (DRSS score: 43) with one additional IVT after the PBM treatment (Table 2; Figure 3).

Requirements for IVT with Anti-VEGF

Before PBM treatment, 9/30 eyes (30.0%) had previously received at least one IVT (range from a total of 2 to 30 IVTs;
mean: 12 + 9 IVTs). IVT treatment timepoints ranged from 31-610 days prior; 21 eyes (70.0%) that were evaluated were
IVT treatment naive. After PBM treatment, 3/9 eyes (33.3%) which previously received IVT and 5/21 eyes (23.8%) of
the treatment naive group received IVT based on the treating physicians’ decision. Accordingly, 6/9 eyes (67.0%) which
previously received IVT and 16/21 eyes (76.2%) that were treatment naive did not require IVT in the 3 months following
PBM therapy. In the additional 371 days follow-up, 62.0% of eyes did not require any IVT (2/9 eyes which previously
received IVT and 13/21 treatment naive eyes). The mean number of days for the 15 eyes from the last (9th) PBM
treatment session to the first IVT post-PBM was 82.67 + 52.10 days with a median of 67 days.

Table 2 PBM Effect on DRSS

DRSS Score Baseline Month |
# of Subjects # of Subjects
n (%) n (%)

20 6 (19.4) 7 (22.6)

35 13 (41.9) 9 (29.0)

43 3(9.7) 6 (19.4)

47 4 (12.9) -

53 1 3.2) 1 (3.2)

65 1 (3.2) 1 (3.2)

Total 28 24

Unavailable* 3 7

Notes: *Data unavailable for analysis.
Abbreviation: DRSS: Diabetic Retinopathy Severity Score.
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Figure 3 DRSS pre- and post-PBM. A selected patient showing a one-step improvement in DRSS scoring from 47 (moderate DR) to 43. Significant reduction of hemorrhage and
IRMAs is seen in color fundus imaging from Baseline (top) after PBM treatment (bottom) at Month |. The CVA slightly increased from 0.08 + 0.12 to 0.06 * 0.08 (logMAR).
Abbreviations: CVA, corrected visual acuity; DR, diabetic retinopathy; DRSS, diabetic retinopathy severity score; IRMA, Intraretinal microvascular abnormalities; PBM,
Photobiomodulation.

Quality of Life (Qol)

The QoL questionnaire assessed subjective influence and improvement on daily life. Three months after PBM treatment,
64.0% of patients continued to report subjective improvements in respect to their ocular condition, while 36.0% of the
patients had reported subjective improvement, but could not assess if this improvement was continuing. No patient
reported a worsening of his/her ocular condition after PBM treatment. Additionally, 64.0% of the patients noted
a decrease in the influence of their ocular condition on their everyday life after PBM treatment (Figure 4).

Discussion

The current study evaluated the effect of multiwavelength PBM delivered by the Valeda Light Delivery System on early-
stage DME subjects with good vision. Following one series of PBM treatment, benefits in several anatomical parameters
as measured by OCT imaging and subjective evaluation on QoL were observed. Subjects enrolled showed good vision at
Baseline so consequently, no PBM beneficial effect on BCVA scores was observed; however, BCVA scores remained
stable. The PBM treatment was well tolerated, with no signs of phototoxicity observed based on both functional and
anatomical outcomes assessed.

Pharmacologic therapy using anti-angiogenic compounds via IVT is standard of care and known to be effective in various
ocular conditions including DME,* despite the inherent risks for ocular and systemic side effects. The subjects enrolled in this
pilot study showed early-stage DME where IVT therapy was not yet required. The benefit of treating earlier stage DME with
non-invasive PBM is that anatomical improvements in macular edema or DRSS may be seen and could delay or reduce the
need for more invasive and risky treatment options including IVT. Additionally, long term destructive effects of macular
edema leading to disintegrity of retinal cell connectivity and alteration of the outer retinal layers could be prevented. Anti-
VEGTF trials (i.e., The RISE, RIDE, BOLT, VIVID, and VISTA studies) also suggest that earlier intervention in DME is critical
to achieving optimal improvement in clinical outcomes (i.e., loss of visual acuity).'*'***¢ Sham- or laser-treated patients
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A. Continuation of Subjective Improvement

3 Yes
= No
36.0%
64.0%
B. Decreased Influence on Everyday Life
3 Yes
= No

E= Unavailable

64.0%

Figure 4 Improvement in Quality of Life following PBM. A. Three months after PBM treatment, 64.0% of subjects continued to report subjective improvements. B. Three
months after PBM treatment, 64.0% of subjects reported a decrease in the influence of their ocular condition on their everyday life.

crossed over to ranibizumab or aflibercept treatment after 24 months achieve smaller visual acuity gains than those who started
treatment at the onset of their respective study.'**> PBM provides a unique approach to non-invasively initiate treatment with
potential to impact both clinical and anatomical outcomes. Despite the benefits of the anti-VEGF medications, not all patients
respond equally well. In the RISE, RIDE, VIVID, and VISTA studies, around 60% of patients did not achieve a 15-letter
improvement in visual acuity.'>"'*?*>° These are usually the patients who do not show high VEGF levels, but rather high
levels of other cytokines, such as IL-6.">Therefore, alternate therapeutic options, or those that could be employed with
additive clinical benefit are of high impact in the field.

Following PBM treatment, 76.0% of the treatment naive eyes diagnosed with DME did not require IVT (according to
their attending ophthalmologist based on a worsening of fluid) for 3 months following PBM treatment, and 62.0% of the
treatment naive eyes did not require IVT for at least 12 months following PBM treatment. In a conventional setting, it is
recommended to delay IVT in early DME patients until visual acuity decreases or morphological changes are observed.
In the majority of study patients, an IVT was not required for more than one year after the diagnosis and subsequent
initial PBM treatment.

OCT imaging can be used for screening, classification, monitoring, and treatment evaluation of DME. OCT provides
information on CRT and distinct morphological features of the edema and persistent morphological changes after DME
treatment.”®> For the subjects analyzed retrospectively in this study, all morphological parameters either showed
a significant improvement (CRT and IRF) or a stabilization following PBM treatment which was maintained up to 3
months. Moreover, it is important to mention that the treated patients had nearly normal CRT due to the early stage of
DME and good vision, therefore a huge step in improvement was not expected. A stabilization of these parameters is of
value for patients with early-stage DME to postpone subsequent invasive therapies.
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Visual acuity was not improved; in no cases was there a significant worsening of this outcome measure. Based on the
functional and anatomical outcomes, no signs of phototoxicity could be identified and no ocular or systemic side effects were
detected or self-reported by any subjects. This demonstrates the favorable safety profile of PBM treatment with Valeda and is in
keeping with the excellent safety profile reported in PBM treatment delivered to other ocular and non-ocular indications.*'¢4%4!

Similar to our results, several groups have published previous reports in DME showing anatomical benefit following PBM
treatment.”” %’ A pilot study (n = 21) evaluating PBM at 670 nm delivered at 25, 100 or 200 mW/cm? thrice weekly for 4
weeks shows significant reduction at all three settings in central macular thickness (CMT) at 2 months. Treatment with PBM
was well tolerated at settings up to 200 mW/cm? with no significant side effects. Resolution of IRF at month 2 was observed in
select patients and remained dry out to 6 months without additional intervention.”® Tang et al evaluated PBM (670 nm)
treatment in patients with non-center involving DME. This non-randomized, consecutive, case series (n = 4) showed positive
effects following PBM delivered for 160 secs per day for 2-9 months. PBM treatment caused a significant reduction in focal
retinal thickening in all treated eyes. No adverse effects attributable to therapy were noted by the patients or study investigators
during the study period.?” Eells et al likewise evaluated 670 nm PBM treatment 3 days/week for 8 weeks in treatment resistant
DME patients and saw reductions in CRT and over one line improvement in BCVA at 6 months on.>’

Subsequent to our study, a Phase 2 randomized controlled trial evaluating PBM in eyes with CI-DME and good visual
acuity was reported by the DRCR.net. One eye of each subject (n = 135) was randomized 1:1 to a 670-nm light emitting
PBM eye patch or a device emitting broad-spectrum white light. Subjects were treated for 90 seconds twice daily for 4
months. The recently published report shows no effect of PBM on clinical (BCVA) or anatomic central subfield thickness
(CST) endpoints from PBM treatment as delivered using their PBM device and protocol. A thorough evaluation of PBM
on OCT anatomical outcomes aside from CST was not provided in the report. Of note, PBM was well-tolerated over 4
months of twice daily use with no serious adverse events reported.

In the field of PBM, we are presented with a large number of illumination parameters such as wavelength, fluence, power
density, pulse structure, treatment time and treatment interval as well as distinct tissue scatter and absorption parameters for
each wavelength. In addition, the cellular targets are not equivalent across wavelengths. PBM devices are not standardized or
regulated to ensure consistent and reliable outputs. These factors may significantly contribute to discrepancies observed in the
field across clinical trials. Further research is necessary to fully elucidate the precise parameters for PBM best effects and to
optimize treatment amongst indications and at the patient level. The current study employed the Valeda Light Delivery System
which delivers a unique multiwavelength PBM approach designed to target specific cellular substrates. The Valeda design
delivers a uniform, expanding bundle of non-coherent light to the retinal tissue. Valeda has been employed in multiple clinical
trials evaluating multiwavelength PBM in dry AMD.*!*'*> Furthermore, the multiwavelength PBM approach Valeda
employs was similarly delivered in the TORPA II study (i.e., combination 590, 670 and 790 nm) in dry AMD using alternate
devices. These studies employed the same treatment protocol as used in the current study (i.e., 9 PBM treatments delivered
over 3—4 weeks) and showed immediate and sustained improvement in aspects of clinical and anatomical function in dry
AMD subjects. The current study explored the translation of observed ocular benefits with multiwavelength PBM treatment
delivered via Valeda to the DME patient population.

Limitations of this study includes its case series design and lack of a randomized control arm. Another limitation may
be that treatment naive as well as pretreated patients were included. While the current study reports on small numbers,
this is an exploratory evaluation showing potential for benefit in this patient population. Further studies will be necessary
to corroborate these findings.

Conclusion

The results of this pilot study provide supportive evidence that repeated multiwavelength PBM treatments delivered over
a period of 3 to 4 weeks is a non-invasive and safe treatment option for patients with early-stage DME patients with good
vision. The anatomical benefits and subjective evaluations suggest disease-modifying effects with PBM treatment in
patients with early-stage DME. These data add to the beneficial effects noted in prospective clinical trials for dry AMD
using Valeda and expands the potential safe and effective utility of multiwavelength PBM to DME. These data support
further investigations of prospective, randomized control trials to study the potential of PBM treatment as a therapeutic
approach for early-stage DME patients and other ocular indications that share overlapping pathology.
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