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Vision protection therapy
for prevention of neovascular
age-related macular degeneration

Jeffrey K. Luttrull***, Gerry Gray? & Sathy V. Bhavan*

To access the effect of vision protection therapy on neovascular conversion in age-related macular
degeneration (AMD). Patient unidentified data aggregated by Vestrum Health, LLC (VH) from over
320 US retina specialists was analyzed to compare the conversion rate from dry to neovascular (wet)
AMD in a practice employing VPT (VPT group) compared to those employing standard care alone
(SCA group) between January 2017 through July 2023. 500,00 eyes were filtered then matched for
neovascular conversion risk factors by propensity scoring and compared in a 10/1 ratio of 7370 SCA
and 737 VPT treated eyes. SCA eyes had significantly fewer clinical encounters and shorter follow up
than the VPT group. Despite this, the risk of neovascular conversion by PS was significantly lower in
the VPT group compared to SCA (HR 5.73, p<0.0001). Analysis matching the encounter frequency of
both groups as a post-randomization variable produced a similar HR (HR 5.98, p <0.0001). Because
9% of eyes in the VPT group were not treated with VPT due to bilateral early (low-risk) AMD, analysis
comparing the SCA group to VPT-treated eyes was done that also showed significantly lower
conversion rates in the VPT-treated eyes, with or without encounter frequency matching (HR 5.84,
5.65, p<0.0001). Visual acuity was consistently better in VPT eyes compared to SCA eyes throughout
the study time window. The advantage of VPT over SCA increased with increased SCA encounter
frequency and higher conversion risk factors, including age and ICD10 coded dry AMD severity.
Neovascular (wet) AMD is the main cause of irreversible visual loss worldwide. Consistent with two
prior studies, the current study finds Vision Protection Therapy markedly more effective at both
recognizing and preventing neovascular AMD than the current standard of care, benefiting the highest
risk dry AMD eyes the most.

Panmacular low-intensity/high-density subthreshold diode micropulse laser (SDM™) epitomizes the twin princi-
ples of modern retinal laser therapy'. First, selective thermal photostimulation of the retinal pigment epithelium
(RPE) using laser parameters identical (“fixed”) in every eye that are reliably sublethal to the retina to preclude
adverse treatment effects, while still exceeding the activation threshold for RPE heat-shock proteins (HSP) to
cause a hormetic “reset” effect at the cellular level by upregulating of the endoplasmic reticulum unfolded protein
response. Second, this reset normalization of function of RPE cells directly exposed to laser irradiation is then
amplified to maximize the clinical effects of treatment by confluent/contiguous treatment of all retina between
the major vascular arcades (“panmacular” treatment) to recruit en masse all dysfunctional retina directly exposed
to treatment'~*. Panmacular SDM is thus a standardized and uniform treatment using the same laser settings,
treatment area, treatment density and number of laser spot applications in every eye without adjustment for
individual variations such as cataract, retina thickness, or RPE pigment density'™. “Vision protection therapy™”
describes SDM performed on a regular basis to maintain the treatment effects over time®.

The chronic progressive retinopathies (CPRs) represent a wide range of disparate conditions which, on the
surface, seem to share little in common. Examples include retinitis pigmentosa, AMD, and diabetic retinopa-
thy. However, all share the commonality of being neurodegenerations. In the CPRs, SDM has been found to
improve retinal and visual function by all measures in dry AMD, open angle glaucoma and inherited retinal
degenerations; reverse progression of diabetic retinopathy; effectively treat diabetic macular edema and central
serous chorioretinopathy; reverse tolerance to anti-VEGF medications in wet AMD; and slow progression of
age-related geographic atrophy'~*. SDM is anti-inflammatory, therapeutically immunomodulating, neuropro-
tective, neuroenhancing, and may be neuroregenerative in in vitro, in vivo and in human clinical and proteomic
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studies®?*. By improving, and then maintaining improved retinal function over time, VPT is intended to slow
disease progression and reduce the risks of visual loss in the CPRs. This includes the risk of neovascular conver-
sion in AMD®*152,

In 2018, a large retrospective cohort study of “all-comers” reported that SDM in a program of VPT reduced
the expected incidence of neovascular conversion in a high-risk population with dry AMD by 95-98% per
year®. In a second study, real-world data (RWD) was used to assess the efficacy of VPT using propensity scoring
(PS) to match eyes receiving SCA to those receiving VPT as well. Starting with a pool of over 400,000 eyes with
dry AMD in the 4.75-year study window, VPT significantly reduced neovascular conversion compared to SCA
(hazard ratio of 13.04)°.

A limitation of the prior propensity scored RWD study was that the study time frame required inclusion of
International Classification of Diseases version 9 data (ICD9) stratifying AMD only by “dry” and “wet’, preclud-
ing identification and matching of dry AMD subtypes. The current study addresses this limitation by includ-
ing only eyes categorized with ICD10 codes after January 2017, which stratify dry AMD into risk and severity
categories of “early”, “intermediate”, and “advanced with extrafoveal geographic atrophy” and “advanced with
subfoveal geographic atrophy”.

Methods

Data source

As described in a prior study, Vestrum Health, LLC (Naperville, IlI) (VH) is database that aggregates unidenti-
fied patient data from the electronic medical records systems (EMR) of over 320 geographically diverse retinal
subspecialty practices across the United States’. All study data for both comparison groups was obtained from the
VH database. Data acquisition, filtering, application of study inclusions and exclusions, and propensity scoring
was performed by VH. As this study is limited to analysis of patient unidentified electronic data provided by
VH and did not involve human experimentation, patient informed consent was not required or obtained, and
the study was exempted from investigational review board review (Western Institutional Review Board). The
study adheres to the Health Insurance Portability and Accountability Act and Helsinki Declaration for Medical
Research. All data generated or analyzed during this study are included in this published article and its Sup-
plementary Information files’.

Study groups

This study compares two cohorts of eyes with dry AMD active in the VH database between January 2017 through
July 2023: one, a vitreoretinal group practice employing VPT in addition to standard care (recommendation of
antioxidant vitamins, blood pressure control, smoking avoidance and healthy diet and lifestyle habits) in routine
management of dry AMD, and the control group consisting of the rest of the VH vitreoretinal practices that
did not employ VPT for dry AMD, but instead relied on standard care alone (SCA)*. The study groups are thus
identified as VPT vs. SC alone (SCA).

Study endpoints
The primary endpoint of the current study was to compare the rate of conversion from dry to wet AMD between
the VPT and SCA cohorts. Neovascular conversion required 2-factor identification in the VH database includ-
ing both a change in ICD10 diagnostic coding from dry to wet AMD (H35.30); and initiation of anti-vascular
endothelial growth factor (VEGF) therapy. The date of conversion was defined as the earliest of the two events.
Visual acuity (VA) was a secondary endpoint. VA was scored by VH using an approximation of ETDRS
measurement, according to the method of Gregori et al., by converting Snellen VA of 20/20, to 85 letters; 20/40
to 70 letters; 20/80 to 55 letters; 20/160 to 40 letters, etc.?.

Inclusion and exclusion criteria

Inclusion criteria were an age of 50 years or more, and ICD10 coding for the diagnosis of dry AMD. Exclu-
sion criteria for all subjects included prior or current intra-vitreal injections of steroids or VEGF inhibitors for
any indication; neovascular AMD in the fellow eye; diabetes mellitus or retinal vascular occlusion as potential
confounding causes of the need for intravitreal injections; prior conventional macular photocoagulation or
other macular scarring; or concurrent diagnoses of ocular histoplasmosis, high/degenerative myopia, idiopathic
macular telangiectasis or central serous chorioretinopathy as potential confounding causes of macular neovas-
cularization. The influence of race on neovascular conversion risk is reflected in the presence and severity of dry
AMD, accounted for in this study with ICD10 AMD severity subgroups.

Propensity scoring

After application of inclusion and exclusion filters, eyes from the VPT and SCA cohorts were matched using
propensity score methods based on patient characteristics®-’. Propensity scoring is the most rigorous method
for statistically analyzing large existing populations or databases because all study variables are defined prior to
randomization and matching, minimizing the potential for various biases. Propensity scores provide samples
that are, in aggregate, balanced on all covariates included in the model. In a randomized clinical trial (RCT),
presenting patients matching the study inclusion criterion are randomly distributed between study groups.
Whereas clinical trials match and randomize subjects prospectively, propensity scoring randomly matches sub-
jects retrospectively from an existing population®*-**. Major neovascular conversion risk factors including age,
AREDS vitamin use, diagnosis of systemic hypertension, and smoking were included in the propensity score
modeling as well as dry AMD severity levels indicated by ICD10 coding for early, intermediate, or advanced dry
AMD with and without subfoveal involvement®*!. Using the resulting propensity scores, all VPT cohort eyes
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were nearest-neighbor matched with all SCA cohort eyes in a 1/10 ratio (VPT/SCA)**-*. For the SCA group,
the date of study entry was the date of first diagnosis of dry AMD, and for the VPT group, the date of initial
treatment. The R “Matchit” package was used to carry out the propensity score matching. After propensity
score matching, subjects were divided into 5 strata based on propensity scores, and standard stratified analyses
were applied. Propensity score stratification is analogous to a meta-analysis of a set of quasi-RCTs within each
quintile stratum?®?. Treatment assignment by the propensity score stratification process can be thought of as a
random assignment conditional on observed covariates, such that the potential outcomes are independent of the
treatment status®®. Use of 5 strata can remove approximately 90% of any bias that remains following propensity
scoring. Additional strata do not significantly improve performance?. Confidence intervals were calculated using
bootstrap methods to account for inter-eye correlation (Supplemental Data).

Review of the post PS cohort demographics revealed a significant difference in the frequency of patient
encounters between the groups, unmatched by PS as not a risk factor for conversion. In addition, because eyes
with bilateral dry AMD did not generally receive VPT, not all eyes in the VPT cohort were treated with VPT. To
gain insight as to how these factors might influence the results additional analyses were performed with encounter
frequency and VPT treatment as post-randomization variables. There were therefore four separate data sets ana-
lyzed, with and without non-SDM-treated patients in the VPT cohort and with and without encounter matching.

VPT treatment

VPT was offered to all patients with intermediate or advanced dry AMD in at least one eye in the VPT treatment
group. VPT consisted of regular periodic panmacular SDM treatment performed every 3-4 months in a main-
tenance program intended to maximize treatment benefits over time. The treatment technique and parameters
follow the guidelines for treatment recommended by the International Retinal Laser Society and are discussed
in detail elsewhere®".

The following SDM treatment protocol was employed throughout the current study: Neither topical anesthe-
sia nor pupillary dilation are employed. The macula is visualized with a 90 diopter non-contact lens at the slit
lamp using only the aiming beam for illumination. With the aiming beam, the optic nerve is identified to orient
the surgeon to the panmacular region. Once oriented, confluent laser spots are applied throughout the retina
encompassed by the major vascular arcades including the fovea (“panmacular SDM”). The SDM laser parameters
are wavelength 810nm, aerial spot size 300um, power 1.7 watts, spot duration 0.30 s, duty cycle 5%, number of
spot applications per panmacular treatment session 400-450. These same laser parameters, treatment area, and
number of spot applications are used in all eyes without adjustment for patient-specific factors such as fundus
pigmentation, macular findings, or cataract. SDM is thus a uniform and standardized approach to microsecond
pulsed laser therapy that is identical in all eyes of all patients without individual variation!~*1>.

Results

Demographics

The Vestrum database of approximately 500,000 eyes with visits between 1/3/2017 and 7/31/2023 were initially
filtered using study inclusion and exclusion criteria to obtain a candidate set of approx. 200,000 eyes, including
737 VPT treated eyes. After 10:1 PS matching, the analysis data sets comprise 737 VPT eyes (from 406 subjects)
from the VPT group, matched with two distinct sets of subjects from the remaining VH practices: 7370 SCA
eyes from 4661 subjects without encounter matching and 7370 SCA eyes from 4652 subjects with encounter
matching. Demographic characteristics were well matched (Tables 1, 2).

Outcomes

Matching on the clinical encounter frequency, the rate of neovascular conversion was found to be 4.3% for the
VPT-treated eyes compared (avg 13.2 encounters) to 16.3% for the SCA group (avg 11.4 encounters) (hazard
ratio 5.98) (Fig. 1). Absent encounter matching the advantage to the VPT-treated eyes remained highly signifi-
cant compared to the SCA group (avg 8.8 encounters, 12.5% conversion rate, HR 5.73) (Supplemental Data).

A survival analysis was stratified by propensity score quintiles. That is, eyes were divided into five (nearly
equal size) groups using the quintiles of the propensity scores. For every quintile, the risk of conversion was
significantly lower in the VPT treated eyes compared to SCA (Fig. 2). A test for equality of the Kaplan-Meier
survival curves (a stratified log-rank test) shows a very significant difference in survival between the VPT-treated
and SCA groups (Table 3).

For severity, the “early” group (used as the reference group in the Cox Proportional Hazards (CPH) model)
had the lowest hazard, with all the other groups producing a hazard ratio > 1. The “Intermediate”, “Non-Central
GA’, and “Central GA” groups all showed significant increase in hazard over the baseline (with HRs ranging from
1.66 to 1.99). The “Unspecified” group showed a non-significant increase in hazard (HR 1.22).

There was a significant 2% increase in hazard for each increased year of age (HR 1.02, p< 1e—04). Subjects
with AREDS use showed an approximate 50% increase in hazard (HR 1.49, p<1e—04). There was a significant
increase in hazard for the SCA group, after adjusting for severity, age, and AREDS use (HR 5.98, p<1e—04)
(Table 4) (Fig. 3). The overall test, and tests for all included factors, showed high levels of significance (Table 5). A
test for the proportional hazards assumption shows strong evidence of non-proportionality (cox.zph), p <0.001).
However various diagnostic plots do not indicate strong non-proportionality in the Cox PH model Supplemental
Data). Small p-values could be due to the large sample size and not a meaningful departure from proportional
hazards (Table 6). Table 7 shows the difference in conversion rates over time.

The hazard ratio between the VPT-treated eyes and SCA groups is summarized in Table 8. To check for inter-
eye correlation because there are multiple eyes per person, a clustered bootstrap (clustered by subject) was used
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Factor level VPT SCA

N (study eyes) 737 7370

N (subjects) 406 4652

Gender

Female 249/406 (61.3%) | 2738/4652 (58.9%)
Male 157/406 (38.7%) | 1858/4652 (39.9%)
Other 0/406 (0.0%) 56/4652 (1.2%)
Age (years)

Mean(SD) 77.7 (9.1) 77.8(9.2)

Median 78.0 78.0

Min, Max [54.0, 93.0] [50.0, 93.0]

Age (category)

Age: [50,65] 32/406 (7.9%) 442/4652 (9.5%)
Age: (65,70] 56/406 (13.8%) | 599/4652 (12.9%)
Age: (70,75] 771406 (19.0%) 784/4652 (16.9%)
Age: (75,80] 79/406 (19.5%) 971/4652 (20.9%)
Age: (80,85] 72/406 (17.7%) | 820/4652 (17.6%)
Age: (85,90] 53/406 (13.1%) 552/4652 (11.9%)
Age: (90,110] 37/406 (9.1%) 484/4652 (10.4%)
Hypertension

No 185/406 (45.6%) | 2139/4652 (46.0%)
Yes 221/406 (54.4%) | 2513/4652 (54.0%)
AREDS use

No 206/406 (50.7%) | 2463/4652 (52.9%)
Yes 200/406 (49.3%) | 2189/4652 (47.1%)
Smoking

No 393/406 (96.8%) | 4512/4652 (97.0%)
Yes 13/406 (3.2%) 140/4652 (3.0%)
AMD severity

Early 91/406 (22.4%) 988/4652 (21.2%)
Unspecied 23/406 (5.7%) 273/4652 (5.9%)
Intermedte 235/406 (57.9%) | 2621/4652 (56.3%)
NonCentral GA 41/406 (10.1%) 368/4652(7.9%)
CentralGA 39/406 (9.6%) 454/4652 (9.8%)

Table 1. Demographics by study group, after propensity score matching. AMD age-related macular
degeneration, VPT vision protection therapy, SCA standard care alone, SDM low-intensity/high-density
subthreshold diode microsecond pulsed laser, DME diabetic macular edema, DR diabetic retinopathy, RVO
retinal vein occlusion, PS propensity scoring, N number, SD standard deviation, AREDS age related eye disease
study antioxidant vitamins, Mini minimum, Max maximum.

to provide a robust check on the confidence interval. The lower bound on the 95% confidence interval for the
hazard ratio is above 5 using either method, again providing strong evidence for a hazard ratio greater than 1.

In all analyses, VA trended better in the VPT group compared to the SCA group throughout the 6.5 year
study window (Table 9) (Supplemental Data).

Additional analyses were performed to test the effect of retention of some SDM-untreated eyes in the VPT
comparison group in the primary analysis prior to propensity score matching, thus avoiding any bias due to
“post-randomization exclusion” of VPT subjects. This increased the number of eyes in the VPT group to 814 eyes
in 441 patients and the SCA group to 8140 eyes of 5115 patients (without encounter matching) and 8140 eyes in
5114 patients (with encounter matching) in the SCA groups. These analyses produced hazard ratios of 5.65 and
5.84, both highly significant (p <0.0001). Thus, in both the most statistically robust PC analysis that considered
all eyes coded for dry AMD in both groups, and in the post hoc analyses that excluded VPT-untreated eyes from
the VPT group, the risk of neovascular conversion was similarly and markedly reduced in the VPT group by
every comparison to the SCA group (HR 5.65-5.98; all p <0.0001) (Supplemental Data).

Although not a study endpoint, the number of anti-VEGF injections required in eyes after conversion within
the study window was lower in the VPT group compared to the SCA group, with SCA eyes receiving between
3.9 (non-encounter matched) and 4.5x (encounter matched) more injections than VPT group or VPT-treated
eyes after neovascular conversion (Supplemental Data).
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Factor level

VPT

SCA

N (study eyes)

737

7370

Total follow-up days

Mean (SD) 677.0 (581.8) 542.6 (633.2)
Median 497.0 232.5
Min, max [4.0, 2248.0] [0.0, 2392.0]

Follow up years (categories)

0<follow up years<1

295/737 (40.0%)

4834/7370 (65.6%)

1 <follow up years <2 175/737 (23.7%) 1054/7370 (14.3%)
Follow up years>2 252/737 (34.2%) 1265/7370 (17.2%)
Number of encounters

Mean (SD) 13.2 (11.0) 11.4 (11.9)
Median 10.0 6.0

Min, max [2.0, 53.0] [2.0, 84.0]

Number of anti-VEGF injections per eye

Mean (SD) 0.138 (0.834) 2.449 (6.976)
Median 0.000 0.000

Min, max [0.000, 11.000] [0.000, 55.000]
Treated with SDM laser

No 0/737 (0.0%) N/A

Yes 7371737 (100.0%) | N/A

Number of laser treatments

Mean (SD) 6.3 (5.0) N/A

n 737 N/A

Min, median, max 1,5.0,38 N/A

Converted to wAMD N/A

Yes 32/737 (4.3%) 1202/7370 (16.3%)
No 705/737 (95.7%) 6168/7370 (83.7%)

Table 2. Follow-up and treatment summary by study group, after propensity score matching. VPT vision
protection therapy, SCA standard care alone, SD standard deviation, Min minimum, Max maximum, N

number, wAMD wet or neovascular age-related macular degeneration.

0.6 1

0.4+

0.2+

Cumulative Probability of wet AMD Conversion

0.0 1

0 1 2 3 4 5
Years From Initial Dry AMD Diagnosis

Group — VPT — SCA

Figure 1. Overall Kaplan-Meier cumulative wet AMD conversion probability by group, ignoring covariates,
with encounter matching. Shaded areas indicate 95% confidence intervals. AMD age-related macular
degeneration, SCA standard care alone, VPT vision protection therapy.
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Figure 2. Cumulative probability of neovascular AMD conversion by propensity score strata 1-5. The survival
analysis was stratified by propensity score quintiles. That is, eyes were divided into five (nearly equal size) groups
using the quintiles of the propensity scores, from lowest (1st quintile) to highest (5th quintile) risk. The plots
show the survival curves by propensity score stratum. Note that for every risk factor matched quintile, VPT
appears to significantly reduce the rate of neovascular conversion compared to standard care alone. VPT vision
protection therapy, SCA standard care alone, AMD age-related macular degeneration, Cum cumulative.

N Observed Expected (O-E)¥E (0-E)¥V
Analysis.Group=VPT 737 32 170.1 112.1 131.4
Analysis.Group =SCA 7370 1202 1064 17.93 131.4

Table 3. A test for equality of the Kaplan-Meier survival curves (a stratified log-rank test) shows a very
significant difference in survival between the VPT and SCA groups. Kaplan—Meier test between Groups,
stratified by propensity score quintiles. Chisq = 107.736351 on 1 degrees of freedom, p = 0.000000. VPT vision
protection therapy, SCA standard care alone, O observed, E expected, N number, V variance.

Coef Exp(coef) Se(coef) z P
SeverityUnspecified 0.6335 1.884 0.1404 4.513 6.405e-06
SeverityIntermediate 0.5057 1.658 0.1036 4.881 1.057e-06
SeverityNonCentral GA 0.6886 1.991 0.1348 5.109 3.23e-07
SeverityCentralGA 0.1946 1.215 0.1448 1.343 0.1791
Age 0.01495 1.015 0.003706 4.035 5.457e-05
Areds.FlagYes 0.3989 1.49 0.06654 5.994 2.045e-09
Analysis.GroupSCA 1.788 5.978 0.1794 9.968 0

Table 4. Cox PH summary of survival difference. Estimated hazard ratios are in the column labeled exp(coef).
Likelihood ratio test = 304.64 on 7 df, p = 0, n = 7425, number of events = 1102. Likelihood ratio test = 304.64
on 7 df, p = 0, n = 7425, number of events = 1102. GA geographic atrophy, SCA standard care alone, Coef
coeflicient, P probability value, Z z score, SE standard error of the mean, PH proportional-hazards regression
model.
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Variable N Hazard ratio P
1
Severity Early 1702 | W Reference
[
1
Unspecified 482 : —i— 1.88(1.43,2.48) <0.001
1
1
Intermediate 4630 1 —— 1.66 (1.35,2.03) <0.001
1
1
NonCentralGA 590 : —i— 1.99 (1.53,2.59) <0.001
1
CentralGA 703 | H—— 1.21(0.91, 1.61) 0.2
1
1
Age 8107 | W 1.02 (1.01,1.02)  <0.001
1
1
Areds.Flag No 4244 * Reference
1
1
Yes 3863 1 HEH 1.49 (1.31,1.70)  <0.001
1
1
Analysis.Group VPT 737 ! Reference
1
SCA 7370 : ——l— | 598 (4.21,8.50) <0.001
|
1 2 3 4 5678

Figure 3. Forest plots of Cox PH results. PH proportional hazards, N number, SCA standard care alone, VPT
vision protection therapy, AREDS age-related eye disease vitamin use, P probability, GA geographic atrophy.

loglik Chisq df Pr(>|Chil)
NULL —7745 NA NA NA
Severity -7717 57.11 4 1.174e-11
Age -7709 15.14 1 9.958e-05
Areds.Flag -7689 39.87 1 2.714e-10
Analysis.Group -7598 183.5 1 8.524e-42

Table 5. ANOVA for Cox PH model, VPT non-laser excluded, with encounter matching. ANOVA one-way
analysis of variance, PH proportional-hazards regression model, AREDS age related eye disease vitamin use,
Loglik logical likelihood, Chisq Chi-square, Df degrees of freedom, PR probability.

Chisq df P
Severity 21.91 4 0.0002086
Age 0.1243 1 0.7244
Areds.Flag 3.604 1 0.05766
Analysis.Group 7.135 1 0.007559
GLOBAL 334 7 2.232e-05

Table 6. Tests for proportional hazards violations, VPT non-laser excluded, with encounter matching. Chisq
Chi-square, Df degrees of freedom, P probability.

Discussion

Standard care for dry AMD currently consists of antioxidant nutritional supplements including AREDS (age-
related eye disease study) vitamins; a diet rich in green, leafy vegetables; lifestyle measures such as smoking ces-
sation and exercise; and healthcare measures such as treatment of systemic hypertension®**!. Implementation of
such measures has been shown to reduce the risk of developing wet, neovascular AMD by about 4% per year’'.

Scientific Reports |  (2023) 13:16710 | https://doi.org/10.1038/s41598-023-43605-w nature portfolio



www.nature.com/scientificreports/

Analysis group | Years from DAMD diagnosis | Natrisk | Nevents | Cumulative probability of wet AMD (%) | 95% CI
1 442 13 24 [1.1%, 3.7%]
2 267 2 3.0 [1.5%, 4.5%)
VPT
3 175 9 7.0 [4.0%, 9.9%)
4 105 7 11.3 [7.0%, 15.4%]
1 2536 641 14.7 [13.6%, 15.8%]
2 1482 283 26.2 [24.6%, 27.8%]
SCA
3 884 148 34.9 [32.9%, 36.8%]
4 483 87 42.7 [40.3%, 44.9%]

Table 7. Summary of overall survival by group (unstratified Kaplan-Meier estimates), VPT non-laser
excluded, with encounter matching. DAMD dry age-related macular degeneration, VPT vision protection
therapy, SCA standard care alone, N number, CI confidence interval.

Estimated hazard ratio 95% CI (asymptotic) 95% CI (bootstrap')
6.0 [4.2,8.5] [4.3,9.3]

Table 8. Cox proportional hazards estimated hazard ratio and associated confidence intervals, VPT non-laser
excluded, with encounter matching. Cox PH model is stratified by propensity score quartiles. 1-Bootstrap
confidence interval is based on 10,000 cluster (subject level) bootstrap samples. CI confidence interval.

Mean VA | Mean VA | Mean VA | Mean VA | Mean VA | Mean VA
Analysis group | 2017 2018 2019 2020 2021 2022
VPT 71.2 67.0 68.1 70.4 67.9 66.9
SCA 66.7 66.9 65.5 65.1 63.9 63.5

Table 9. Mean visual acuity (ETDRS letters or equivalent) by group and year, VPT non-laser excluded, with
encounter matching. Cox PH model is stratified by propensity score quartiles. VA visual acuity, ETDRS early
treatment of diabetic retinopathy study.

As the main cause of irreversible visual loss and visual disability worldwide, more effective treatment to prevent
wet AMD is a major public health care priority*>*.

This is the third in a series of studies examining the effect of VPT on neovascular conversion in AMD®’. While
there is some overlap at the margins, each used different methods, different inclusion and exclusion criteria,
different patients, and different time frames for study. Only the treatment and study endpoint were the same.
Despite these differences, all three studies find that VPT markedly reduces the risk of neovascular conversion
in dry AMD compared to SCA.

SDM, serialized in VPT, epitomizes the concepts of modern retinal laser therapy, defined by treatment that is
sublethal to the retinal pigment epithelium (RPE) affording reliable clinical safety; then optimized by maximiza-
tion of the treatment effect at the cellular level by en masse functional transformation via confluent treatment
and recruitment of large areas of dysfunctional retina (such as “panmacular” treatment)'~'¢. That SDM is without
known adverse treatment effects is attributable to the very wide therapeutic range achievable using specific laser
parameters'~1°. These parameters have been developed with the aid of mathematical modeling informed by over
20 years of clinical data (Chang DB, Scaling Law Analysis, proprietary data Ojai Retinal Technologies, LLC, Los
Angeles, California). Because reliable treatment safety is paramount, and recognizing that panmacular SODM by
definition includes treatment of the fovea, any deviation from published SDM parameters known to be safe and
effective in all eyes in extensive long-term clinical use, including the laser parameters used in the current study,
is strongly discouraged>'*!°.

Morphologic analysis was not part of the current study. Gradual resolution has been noted in the course of
VPT for dry AMD". However, it is important to note that, because SDM is sublethal to the RPE, SDM does
not affect or reduce drusen in the short-term, nor is it the intent of treatment, as acute drusen reduction results
from debridement precipitated by laser-induced retinal damage (LIRD). Such LIRD is associated with disease
acceleration and an increased, rather than decreased, risk of choroidal neovascularization>%!>?%**=%, Instead,
the benefits of SDM arise entirely from normalization of retinal function by laser thermohormesis sublethal to
the RPE. VPT then maintains these improvements over time to slow disease progression and reduce the risks
of visual loss, such the reduction in neovascular conversion in AMD reported in the current study?-15!4152223,

The current study was limited to subjects for whom ICD-10 coding was used to allow matching of dry AMD
severity (early, intermediate, or advanced with either subfoveal or extrafoveal geographic atrophy). Site-level
assessment of AMD severity assumes a reasonably consistent diagnostic coding judgement across all VH sites.
As a RWD study, there was no reading center to verify coding accuracy as would be implemented in a clinical
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trial. However, while some variation is likely, such variations would be expected to be offset by the large sample
size and PS matching of all conversion risk factors>~.

Propensity scoring is the gold-standard of statistical analysis for large pre-existing populations, typically the
subject of real-world data studies such as the current study?*~*’. Potential biases are minimized by identifying all
key study variables prior to randomization and matching. Quintile analysis can then be performed to identify
unrecognized biases. In the current study, there is no evidence by quintile analysis of unrecognized bias (Fig. 2)
(Supplemental Data).

Propensity score methods can balance the two groups with respect to the variables used in the propensity
score model?*-3*, However, they do not balance for unmeasured covariates. Thus, if there are other important
predictors of group membership or outcome that are missing the results could be misleading. The only major
risk factors for neovascular conversion not specifically matched in the current study are the presence or absence
of reticular pseudodrusen (RPD), and genetic predisposition, information about which is unavailable in the VH
database®*”8. However, as both are associated with patient age and AMD severity, PS matching of age and AMD
severity by ICD10 mitigate the absence of genetic and RPD data.

Review of the PS analysis revealed that patients in the SCA group were seen significantly less often than the
VPT group, and that not all (9%) patients in the VPT were VPT treated (Supplemental Data). Because a patient
encounter is required for the diagnosis of conversion, the lower frequency of examinations might lead to fewer
identified neovascular conversions. Patients with bilateral early AMD were generally not treated with VPT unless
an increased risk was indicated, usually by abnormal dark adaptometry testing'®. Thus, not all eyes in the VPT
group were VPT-treated’. Therefore, post hoc analyses were performed matching the encounter frequencies
between groups, and eliminating VPT untreated eyes from the VPT group, to gain insight into how these asym-
metries might have influenced the PS results, for a total of 4 separate analyses. Thus, in addition to the wholly
randomized and matched PS comparison of the VPT and SCA groups, the post hoc analyses used encounter
frequency and VPT treatment as post randomization variables?*-**. While use of post randomization variables
weakens the analysis by increasing the potential for biases, these post hoc analyses preserved PS randomization
and matching of the other pre-randomization variables to facilitate group comparisons.

A patient encounter, typically including a clinical examination and macular imaging, is usually required to
identify neovascular conversion in AMD. Thus, the more often a patient is encountered, the more likely (earlier)
a conversion event will be identified if one has occurred in the interim between encounters. Thus, while a patient
encounter is not a risk factor for wet AMD, it is for identification of conversion. VPT is a program of regular peri-
odic SDM treatment designed to maintain the treatment benefits over time in chronic progressive retinopathies
to slow progression and reduce the associated risks of visual loss*. Thus, in the current study, VPT patients were
examined with optical coherence tomography much more frequently than SCA eyes (Table 1) (Supplemental
Data). The mean number of encounters for the VPT group was 13.2 compared to 8.8 for the SCA group, a 50%
difference, with conversion rates of 4.3% for the VPT group and 12.5% for the SCA group. PS matching could not
equalize the exam frequencies between the groups due to the infrequency of encounters in the SCA group, but did
increase the SCA exam frequency to a mean 11.4 visits, still 16% lower than the VPT group. However, it is notable
that this 30% increase in exam frequency for the SCA group resulted in a 30% increase in diagnosed conversions
from 12.5 to 16.3%, or a 1% increase in documented conversions in the SCA group for every 1% increase in
encounters. This suggests that had the encounter frequency in the SCA group equaled the VPT group, an even
higher conversion rate in the SCA group would have been observed. Because conversion risk factors remained
matched by PS, the higher rate of conversions identified with increased encounters in the SCA group appears to
be the result of the increased exam frequency alone. This suggests that the majority of neovascular conversions
may not be identified by SCA, including in the current study, due to the infrequency of clinical examination.
If so, the current study underestimates the benefit of VPT for preventing neovascular conversion in dry AMD.

In addition to differences in encounter frequency, the VPT group had longer follow-up compared to the SCA
group, increasing the chances of neovascular conversion in the VPT group. (Tables 1, 2) Thus, both the asym-
metries in the study populations, consisting of fewer encounters and shorter follow up in the SCA group, favor
the SCA group by reducing the likelihood of both occurrence and identification of a conversion event compared
to the VPT group (Tables 1, 2) (Supplemental Data).

Due to the greater data volatility in the smaller VPT group, VA data was not statistically analyzed. However,
at every point in each analysis, VPT treated eyes demonstrated better VA than SCA eyes. This is consistent with
the VA results of prior studies of SDM for AMD and other indications'~%.

Finally, although the post-conversion course was not an outcome measure of the current study, the number of
anti-VEGF injections employed after neovascular conversion within the 6.5-year study window was recorded. It
is interesting to note that VPT eyes required 3.9x to 4.5x fewer anti-VEGF injections than SCA eyes after neovas-
cular conversion (Supplemental Data). This may be an artifact of the much smaller number of conversions in the
VPT group. In a prior report, SDM was shown to reverse tolerance to anti-VEGF drugs in neovascular AMD®.
In that study it was suggested that including SDM (as VPT) in the management of wet AMD might improve the
performance of anti-VEGF medications administered over the long-term by helping to maintain drug sensitivity
and avoid drug tolerance, and that this might manifest in the requirement for fewer injections®. A prior VH data
analysis found that over a 5 years, period, inclusion VPT in wet AMD reduced anti-VEGF injections by an avg.
69% per eye without sacrificing VA compared to eyes managed with anti-VEGF injections alone'”. Thus, in the
current study VPT was continued after neovascular conversion (the primary study endpoint)>’. The much lower
frequency of post conversion anti-VEGF injections in the VPT group compared to the SCA group suggests this
strategy may have been effective.

The current study employs RWD?-3%% Tt is not an RCT. As a RWD study it is large, over a long time window
(6.5 years), and compares eyes of patients across the United States cared for in a large proportion of US retinal
practices matched for all available known neovascular conversion risk factors. Compared to RWD studies, RCTs
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are generally smaller, shorter, far more expensive, and more time consuming®. Because of the expense, few have
the resources to perform RCTs. Thus, well over 95% of all RCTs in medicine, including ophthalmology, are funded
by pharmaceutical companies who have a priori interests in their outcomes*-*!. To address this issue and the
concerns it raises, the Cochrane collaborative performed a meta-analysis comparing the results of RCTs and
RWD studies*”. The Cochrane study found no significant difference in the results or reliability between RCTs and
RWD studies, provided the RWD studies were large and had robust results, like the current study“. We note that
RWD studies are often used to confirm the results of RCTs, illustrated by the recent approvals of various COVID
vaccines®. For the same reasons, RCTs are seldom used to verify RWD studies. In large part this is because RWD
studies tend to represent a worst-case scenario for a given intervention. When there is variance between RCTs
and RWD studies, the results of RWD tend to be worse, not better, than the relevant RCT. The post-FDA approval
histories of recent drugs for AMD are illustrative in this regard**~*". This is because RCTs tend to be smaller,
idealized, and performed under favorable and highly controlled conditions, unlike real-world clinical medicine.
In the current study, key residual imbalances remaining after statistical matching between the study groups favor
the SCA group. Finally, the results of the four distinct statistical analyses performed in the current study yielded
virtually identical results. All of these considerations suggest that the results of the current study are reliable
and likely underestimate the marked advantage of VPT for prevention of wet AMD, preventing and identifying
neovascular conversion, and preventing visual loss, compared to the current standard of care for dry AMD**~,

Data availability
All data generated or analyzed during this study are included in this published article and its Supplementary
Information files.
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