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Purpose: To explore the safety and efficacy of the allogeneic induced pluripotent stem cell (iPSC)—derived retinal
pigment epithelium (RPE) strip transplantation for patients with RPE degeneration.

Design: Single-arm, open-label, interventional study.

Participants: Three eyes from 3 patients clinically diagnosed with RPE impairment disease; 1 patient had dry age-
related macular degeneration (AMD), and remaining 2 patients had MERTK-associated retinitis pigmentosa.

Intervention: Allogeneic iPSC-derived RPE strip transplantation was performed by a 25-gauge pars plana vitrec-
tomy. The RPE strips were prepared by incubating iPSC-derived RPE cells in 2-mm-wide grooves in the mold. Artificial
retinal detachment was generated using a 38-gauge subretinal cannula, and the RPE strips were injected into the
retinal bleb using a 31-gauge cannula with the maximum graft dose limited to 2 strips.

Main Outcome Measures: The reduction of RPE abnormal area by the engraftment of transplanted allogeneic
iPSC-derived RPE cells, which was measured by analyzing fluorescein angiography with an automated evaluation
program at pretransplantation and up to 52 weeks posttransplantation.

Results: The primary endpoint of reducing abnormal areas of RPE through the survival of the transplanted graft
cells was achieved in all patients at 52 weeks posttransplantation. Visual function assessments confirmed significant
vision-related quality of life improvement and potential retinal sensitivity restoration in 1 patient with dry AMD. The
successful subretinal delivery of the iPSC-derived RPE strips was confirmed during and immediately after surgery. The
engraftment of RPE cells migrated out from the strips was observed using polarization-sensitive OCT specifically and
visualized as characteristic hexagonal cells via adaptive optics imaging in all patients. While no serious adverse events
occurred, suspected immune reactions to graft cells and epiretinal membrane formation were observed in 1 patient
each.

Conclusions: A decrease in the RPE abnormal area by reliable delivery of allogeneic iPSC-derived RPE strips was
achieved in all 3 cases with no serious adverse events. Further long-term studies and larger cohorts with better pre-
operative vision are warranted to evaluate the safety and efficacy of RPE strip transplantation.

Financial Disclosure(s): Proprietary or commercial disclosure may be found in the Footnotes and Disclosures at
the end of this article. Ophthalmology Science 2025,;5:100770 © 2025 by the American Academy of Ophthalmology. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

The retinal pigment epithelium (RPE) is crucial for main-
taining vision. Located between the neural retina and the
choroid, the RPE forms a monolayer that is essential for the
survival and functioning of photoreceptor cells." Impairment
of the RPE owing to aging or gene mutations lead to various
sight-threatening retinal diseases, including age-related
macular degeneration (AMD) and inherited retinal diseases,
which are major causes of blindness in developed countries.”
A fundamental therapeutic approach in RPE degeneration is
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the reconstruction of a functional RPE layer by replacing
diseased RPE cells with healthy ones.

Initial challenges in RPE replacement therapy date back to
the 1990s, when human fetal RPE cells were used for
transplantation.”” Recently, stem cell technologies, such as
embryonic stem cells’ or induced pluripotent stem cells
(iPSC),° have provided valuable sources of RPE cells for
replacement therapies. Clinically, stem cell—derived RPE
cell transplantation has been applied using 2 major strategies
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for graft delivery. The first strategy involves transplanting
cells as a monolayer sheet with or without a scaffold.”” This
method ensures reliable coverage of the diseased area with
the correct cell polarity; however, it requires invasive surgery
including large retinotomy. The second strategy is the
transplantation of cell suspension,'”'" which is less invasive
and involves the subretinal injection of graft cells. However,
this method has drawbacks, such as difficulty in visualizing
the graft cells during and immediately after surgery and
challenges in controlled delivery to the specific target site,
which may potentially lead to cell leakage into the vitreous
cavity. Additionally, scattered subretinal cells can be
difficult to locate until they obtain substantial pigmentation,
and changes at the graft site are difficult to evaluate.

To combine the advantages of these strategies while
avoiding their disadvantages, we developed the RPE strips,
which are strip-like aggregates of RPE cells prepared by
incubating the cells in narrow grooves.'” We confirmed that
the iPSC-derived RPE strips expanded on a culture dish with
a cobblestone-like appearance while retaining the unique
RPE features. After transplantation into nude rats and
nonhuman primates with RPE degeneration, the RPE strip
expanded with correct apical-basal polarity and successfully
formed a monolayer under the retina.'>'* The RPE strip can
be transplanted using a 31-gauge subretinal cannula and is
visible during and immediately after surgery, which allows us
to monitor even subtle changes at the graft site during follow-
up; we expect this new strategy to contribute to reliable graft
delivery with reduced surgical invasion. This study aimed to
explore the safety and efficacy of allogeneic iPSC-derived
RPE strip transplantation in patients with RPE degeneration.

Methods

Study Design and Participants

This single-arm interventional study was approved by the Certified
Special Committee for Regenerative Medicine at Osaka University
and the Health Science Council of the Ministry of Health, Labor
and Welfare of Japan (jJRCTa050210178). Written informed con-
sent was obtained from all patients, and the study adhered to the
tenets of the Declaration of Helsinki. Three patients who met the
following criteria were included: (1) a clinical diagnosis of RPE
impairment disease, (2) presence of a window defect observed by
fluorescein angiography (FA), and (3) best-corrected visual acuity
(BCVA) (decimal) of <0.3, visual field within 20° in radius as
measured using Goldmann perimetry (V4-isopter), or an Esther-
man visual field test score of <70 points. The complete inclusion
and exclusion criteria are listed in Table S1 (available at
www.ophthalmologyscience.org). In this study, we defined RPE
impairment disease as a retinal condition characterized by an
RPE abnormality, specifically a window defect (bright choroidal
hyper fluorescence seen early in the FA through diseased RPE
unable to block physiological fluorescent leakage from the
choroid) covering the macular area. Accompanying findings in
RPE impairment disease include atrophic or exudative lesions,
intraretinal or subretinal hemorrhage, RPE tears, and retinal drusen.

Primary Endpoint

The primary endpoint was the reduction of the RPE abnormal area
by engraftment of transplanted allogeneic iPSC-derived RPE cells.
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The RPE abnormal area was measured by analyzing FA findings
with an automated evaluation program before and up to 52 weeks
posttransplantation. We used a modified version of the reported 2-
step software that allows for objective quantification of changes in
the RPE abnormal area in early-phase FA images obtained from the
confocal scanning laser ophthalmoscope system (Spectralis; Heidel-
berg Engineering) at 30° x 30° (approximately 9 mm x 9 mm)."*
The FA images for this assessment were selected based on 2
criteria: (1) early-phase images (within 1 minute) and (2) images
best depicting the transplantation area. The image registration pro-
cess in the program converted the FA images to 496 pixels x 496
pixels 8-bit images. The first step involves extracting abnormal re-
gions based on deep learning—based discrimination, followed by
scoring binarized abnormal areas in pixels within the extracted re-
gion. The region of interest (ROI) was set to include 10 000 pixels
(approximately 3.29 mm?) of the transplanted area for 1 strip in FA
images at 12 weeks posttransplantation by matching the location to
the pigmented areas on the fundus photographs, defined as the
treated zone. The image selection and ROI setting processes were
carried out based on the consensus of 3 researchers (D.S., M.M., and
M.Y.). The primary endpoint was considered achieved if the
abnormal area within the treated zone was reduced at 52 weeks
posttransplantation compared with that at pretransplantation. The
automated evaluation program analyzed the same ROI on serial FA
images obtained at pretransplantation and posttransplantation for
each patient. The reductions in abnormal areas due to reasons other
than the engraftment of transplanted cells, such as hemorrhage or
scarring, were excluded. Additionally, we set ROIs in the RPE
abnormal region not containing the transplanted area at 12 weeks
posttransplantation and defined them as abnormal control zones for
exploratory reasons.

Secondary Endpoints

The secondary endpoints included the preservation or recovery of
visual function and the safety of the RPE strip and treatment
procedures. Visual function was evaluated by assessing micro-
perimetry, visual acuity, and vision-related quality of life. If
microperimetry was not feasible, we performed full-field stimulus
testing using an Espion system with a ColorDome LED full-field
stimulator, (Diagnosys LLC), monitor tests (Metropsis, Cam-
bridge Research Systems), and letter recognition tests. Specific
protocols for each test are described later.

Graft Preparation

The allogeneic iPSC-QHJIO1s04 line was established by the iPSC
Stock Project organized and provided by the CiRA foundation.
Clinical-grade RPE cells had been manufactured from this iPSC line
in our previous clinical study, and the same stock was used for the
current study.'' The RPE strips were prepared at the cell processing
center of Kobe City Eye Hospital,'” as previously described.'” The
frozen stock of RPE cells was thawed and plated at 1 x 10° cells/
well in 12-well plates coated with iMatrix 511 (#892005; Nippi.
Inc) at an RPE adhesion medium maintenance ratio of 1:1
(Table S2, available at www.ophthalmologyscience.org). The next
day, the medium was changed to a maintenance medium
containing 10 ng/mL basic fibroblast growth factor and 0.5 puM
SB431542, and cells were cultivated for 12 to 15 days with
medium changes every 2 to 3 days, either manually (cases 2 and
3) or using the Maholo culture robot (case .16

For RPE strip preparation, 2-mm-wide grooves in the mold
were prewetted with 20 to 30 pL of RPE maintenance medium
containing 5-UM Y-27632. Retinal pigment epithelium cells
(2.0 x 10° cells/groove) were seeded in each groove and incubated
for 2 days in 30 to 40 PL of RPE maintenance medium containing
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5-uM Y-27632. Five RPE strips/mold (each containing approxi-
mately 1.5 x 10° cells/strip) were washed 3 times with 4-mL Opti-
MEM without phenol red (#11058021; Thermo Fisher Scientific
Inc) and stored in a 6:1 solution of Opti-MEM with Y-27632 (final
concentration of 10 pM) (FUJIFILM Wako Pure Chemical Cor-
poration) and Purified sodium hyaluronate and chondroitin sulfate
sodium (SHELLGAN 0.5 Ophthalmic Viscoelastic Preparation;
Santen Pharmaceutical Co., Ltd) on the day of surgery until the
time of injection.

For quality control, we confirmed the pathogen- and virus-free
status of clinical samples by sterility, mycoplasma, and endotoxin
detection following the Japanese Pharmacopoeia and Japanese
Society for Regenerative Medicine guidelines. Cell viability in the
final RPE strip was >90%. The ingredients of the culture medium
are listed in Table S2.

Surgical Procedures

Pars plana vitrectomy was performed using a 25G Constellation
system (Alcon Laboratories Inc), followed by posterior vitreous
detachment. Artificial retinal detachment was carefully generated at
the target site with Opti-MEM (Thermo Fisher Scientific Inc)
containing 10-uM Y-27632, using a 38G subretinal cannula (3219
Polytip cannula 25 g/38 g; MedOne Surgical Inc). Subretinal in-
jection of Opti-MEM was well tolerated in our previous preclinical
nonhuman primate studies (Fig S1, available at www.ophthal
mologyscience.org). Next, the injection hole was enlarged
slightly using a gently circular movement to insert a 31G tip. A
drainage puncture hole was created near the base of the retinal
bleb opposite the insertion site. The iPSC-derived RPE strips,
loaded with approximately 3 UL of viscoelastic media (x7 Viscoat
0.5, Alcon Japan in Opti-MEM), were gently injected into the
retinal bleb using a 31G MedOne cannula with the maximum graft
dose limited to 2 strips/target site. Subretinal fluid was carefully
drained from the puncture with the aid of perfluorocarbon liquid.
This was followed by fluid—gas exchange and subsequent
replacement with silicone oil (SILICON 1000; Alcon Japan). At
the end of the surgery, an intravitreal injection of 4-mg triamcin-
olone acetonide (MaQaid; Wakamoto) was administered. Patients
were instructed to maintain a prone position for several days
postsurgery, and the planned surgical removal of silicone oil was
performed 1 to 2 months after the transplantation surgery using
25G pars plana vitrectomy.

Concomitant Treatments

To suppress immune reactions posttransplantation, the patients
were orally administered 3-mg/kg cyclosporine (Neoral; Novartis)
per day for the initial 24 weeks posttransplantation. If the 6 HLA
gene loci (HLA-A, B, C, DRBI1, DQB1, DPBI) of the patient
matched those of the iPSC-RPE strips, subtenon or intravitreal
steroid injections were scheduled at 8, 16, 24, 32, 40, and 48 weeks
posttransplantation, instead of oral cyclosporine. Blood examina-
tions at 4, 12, and 24 weeks posttransplantation were performed to
maintain cyclosporine trough levels between 50 and 200 ng/mL.
Additionally, patients received 0.5% moxifloxacin (Begamox;
Novartis) and 0.1% betamethasone (Rinderon; Shionogi) eye drops
4 times per day for 52 weeks posttransplantation. If patients had
significant cataracts, cataract extraction was performed at least 28
days prior to transplantation.

Microperimetry

Retinal sensitivity was assessed using MP-3 with the 10-2 grid
(Nidek). Improvement was considered significant if the treated area
showed enhancement higher than that of the abnormal control area.

If direct comparison was not feasible, changes in retinal sensitivity
before and after transplantation in the treated eye were compared to
those in the untreated eye.

Full-Field Stimulus Testing

The full-field stimulus testing was Performed using an Espion
system in a completely dark room.'’ The patients were dark-
adapted for 45 minutes, and their pupils were dilated with mydri-
atic eye drops. Both eyes were independently examined with the
nontested eye shielded. Blue (448 nm), white (590 nm), green
(530 nm), and red (627 nm) light stimuli from a ColorDome
stimulator provided full-field light to the patients. The baseline
intensity (0 dB) was set to 0.01 cd s/m% The patients used a 2-
button box with yes/no buttons to indicate whether they
perceived light after a beep followed by a stimulus. The Weibull
function was applied to determine the actual threshold, accounting
for false positives and negatives. Each eye underwent 3 trials for
blue and red stimuli and 1 trial for white and green stimuli with a 2-
minute interval between trials. An increase in retinal sensitivity
pretransplantation and posttransplantation for any of the blue,
white, green, or red stimuli was considered an improvement.

Monitor Test

The monitor test assessed visual function using 3 different methods
provided by Metropsis (Cambridge Research Systems Ltd) in a
dark room.

1. Motion direction: a 6-cm wide black streak on a white
background either remained stationary or moved horizon-
tally or vertically. The patients indicated motion direction
by pressing one of 3 keys on a response box.

2. Spatial acuity: randomly displayed vertical and horizontal
patterns with various widths of black and white streaks
were shown. The patients identified the orientation of the
streaks as either vertical or horizontal by pressing one of 2
keys.

3. Object localization: a 6 x 6 cm square appeared randomly
at the 3-, 6-, 9-, and 12-o’clock positions. The patients
reported the square’s orientation by pressing the corre-
sponding key on a 4-button response box.

The percentages of correct responses for vertical and horizontal
motion directions, spatial acuity, and object localization were
recorded. An improvement was noted if any 1 method showed an
increase >10%, whereas a decrease >10% across all methods was
considered deterioration. Tests that were not measurable during
pretransplantation or posttransplantation visits were excluded from
the analysis.

Letter Recognition Test

The patients were instructed to read each of the 26 letters of the
alphabet that were displayed as 170-point white letters on a black
background from a distance of 50 cm on a desk under standard
room light conditions. The letters appeared in random order. Each
patient was allowed up to 1 minute for identifying each letter.
Accuracy of the responses was documented as a percentage, and a
change >10% in correct answers was noted as either improvement
or deterioration. Tests that were not measurable during pre-
transplantation or posttransplantation visits were excluded from the
analysis.

Visual Acuity

Best-corrected visual acuity was measured using an ETDRS chart
before transplantation. An improvement of at least 5 letters was
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considered a significant gain. If the ETDRS chart was not feasible,
BCVA was categorized as finger count and hand motion, with or
without light perception. An improvement of >1 steps in these
categories was considered a significant gain.

Visual Quality of Life

The visual quality of life was assessed using the National Eye
Institute Visual Function Questionnaire-25 score.

Immune Rejection

Immune rejection, in this study, was defined as meeting all of the
following 3 criteria: (1) disappearance of transplanted cells on the
fundus photograph, (2) increased intraretinal and subretinal fluid
on OCT, and (3) a positive lymphocyte-graft immune reaction
(LGIR) in in vitro tests, where patient lymg)hocytes responded to
the graft RPE cells after transplantation.'™'? The LGIR results
were evaluated based on the proliferation of 5 types of cells
(CD4, CD8a, CD11b, CD19b, and NKG2A) in peripheral blood
mononuclear cells cocultured with RPE cells. These results were
compared with the data of peripheral blood mononuclear cells
only. Lymphocyte-graft immune reaction was classified as posi-
tive (>3 positive results), suspected positive (2 positive results), or
negative (1 or 0 positive results). In addition, serological analysis
for donor-specific antibodies (DSAs) was performed as a refer-
ence.”’ Lymphocyte-graft immune reaction and DSA tests were
outsourced to Sysmex Inc.

Unexpected Graft Overgrowth and Host
Photoreceptor Thickness

The thicknesses of the transplanted RPE and host photoreceptor
layers were measured using the caliper function on cross-sectional
images from spectral domain OCT (Spectralis; Heidelberg Engi-
neering). Unexpected graft overgrowth was defined as an increase
in the transplanted RPE layer thickness >200 {im from the time
point immediately after transplantation. The thickness of the host
photoreceptor layer directly above the graft was monitored to
detect potential harm to the host photoreceptors.

Safety of the Treatment Procedures

The safety of the treatment procedures was evaluated by assessing
the frequency, duration, severity, and outcomes of adverse events
and their potential relationship to the treatment procedures.

Exploratory Tests

Polarization-sensitive OCT (PS-OCT) (prototype PS-OCT system;
Tomey) was used to assess the changes in the RPE abnormal area
before and after transplantation. Polarization-sensitive OCT is a
functional extension of OCT, which measures the polarization
properties of ocular tissues.”’ The characteristic polarization
property of ocular tissues is the depolarization by melanin in the
RPE. The spatial randomness of retinal polarization is
parameterized as polarimetric entropy, ranging from “0”
(completely uniform, melanin-free) to “1” (completely random
polarization, melanin-rich).”> Raster-scanned images (1024
A-scans X 256 B-scans) covering 12 x 12 mm area (approxi-
mately 40° x 40°) were obtained. Retinal pigment epithelium line
segmentation was automatically performed using built-in software
and was manually confirmed. The entropy at the RPE level was
defined as the average within 5 pixels (21.5 pm) upward from
either the lower edge of the RPE or Bruch membrane. An en face
PS-OCT image that extracted the entropy mapping at the RPE level
was constructed for each patient.
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Additionally, an adaptive optics (AO) fundus camera (rtx1;
Imagine Eyes) was used to observe the transplanted RPE cells. The
AO fundus camera uses AO technology to correct ocular aberra-
tions in real time, enabling high-resolution imaging of the retinal
microstructure. The AO camera uses 850-nm infrared flashes to
illuminate a 4° square field and capture en face images of the retina
with a transverse optical resolution of 250-line pairs/mm.”***
Adaptive optics fundus camera imaging of the transplanted area
was performed at 12, 24, 36, and 52 weeks posttransplantation.
To ensure comprehensive coverage of the specific area and its
surroundings, >40 images were captured on each scheduled day.
These images were then stitched together to generate a montage
to observe the changes in the ROI over time with reference to
OCT and fundus photographs. The best-focused images were
selected by well-trained retina specialists (M.Y. and M.M.) for
detailed cell observation. At 52 weeks posttransplantation, trans-
scleral flood illumination was used for a relatively clear observa-
tion of the RPE. The transscleral flood illumination device, which
attaches to the AO fundus camera (rtx1; Imagine Eyes), illuminates
the retina at an oblique angle to prevent direct reflections from
photoreceptors and enables the observation of the RPE cells.> %’

Quantification and Statistical Analysis

This study aimed to evaluate the safety and efficacy of the iPSC-
derived RPE strip transplantation from a clinical perspective in a
small cohort of patients with RPE degeneration. The sample size
was not determined based on statistical considerations such as
precision or power. We included 3 patients, and the raw data are
provided in the manuscript, Figures, Tables, and Supplemental
materials.

Results

Clinical Course of Each Patient

The RPE strips were prepared from the HLA homozygote
iPSC-RPE cells'' and passed the validation criteria (Fig S2,
available at www.ophthalmologyscience.org). In this study,
the patient HLA did not match that of the iPSC-RPE strips,
and all patients received cyclosporine for the first 24 weeks
posttransplantation without any side effects. No dose ad-
justments were needed over 24 weeks for case 1 (150 mg/
day) and case 3 (200 mg/day). In case 2, the initial dose of
150 mg/day was immediately increased to 200 mg/day
(4 mg/kg/day) due to a low trough level and remained stable
thereafter. Case 1 involved a patient with dry AMD,
whereas cases 2 and 3 involved patients with retinitis pig-
mentosa (RP). Genetic testing performed at our hospital
identified pathogenic MERTK mutations in cases 2 and 3,
but no potential causative genes were found in case 1.7
Background profiles of each patient are summarized in
Table 3. In the patients with RP (case 2 and 3), the
vitreous membrane was tightly adhered to the retina.
Posterior vitreous detachment was produced with a
diamond scraper; however, the vitreous membrane was not
completely removed. Additionally, in case 3, tight
adhesion between the retina and Bruch membrane made it
difficult to create retinal detachment within the vascular
arcade, causing the subretinal space for transplantation to
extend toward the periphery. Nevertheless, the successful
subretinal delivery of the RPE strips was secured during
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Table 3. Profiles of 3 Patients Who Underwent the RPE Strip Transplantation

Case 1
Age at inclusion (yrs) 60
Sex Female
Diagnosis Dry AMD
Causative gene Not identified

Gene mutations N/A

None
54 yrs (visual field abnormality)
0.1 right eye (OD), 0.2 left eye (OS)

Family history
Age of onset (yrs)
Baseline BCVA (decimal)

Case 2 Case 3
39 30
Female Male
RP RP
MERTK MERTK
Homozygous ¢.225del Homozygous c.225del
(p.Gly76fs) (p.Gly76fs)
None A younger sister has RP

10 yrs (night blindness)
0.4 (OD), 0.03 (OS)

6 yrs (night blindness)
0.6 (OD), 0.1 (OS)

Study eye OD oS (O8]
Transplantation dose One strip Two strips Two strips
Adverse events requiring IOP elevation, Immune reactions None Macular edema associated with
treatment (partially meet 2 out of 3 criteria for immune ERM
rejection™)

AMD = age-related macular degeneration; BCVA = best-corrected visual acuity; ERM = epiretinal membrane; IOP = intraocular pressure; N/A = not

applicable; RP = retinitis pigmentosa; RPE = retinal pigment epithelium.

*Meeting all 3 criteria were required for diagnosing immune rejection in this study.

and after the surgery without any major surgical
complications in all patients. The orientations of the
transplanted strips at day 1 posttransplantation are shown
in Figure S3 (available at
www.ophthalmologyscience.org). Fundus changes
pretransplantation and posttransplantation in 3 patients are
shown in Figure 4.

Case 1

The patient with dry AMD received 1 RPE strip transplanted
to the superotemporal marginal area of geographic atrophy
with no intraoperative complications. Silicone oil was
removed at 8 weeks posttransplantation. Figure S5
(available at www.ophthalmologyscience.org) shows the
posttransplantation timeline including the management of
steroid-induced intraocular pressure elevation and sus-
pected immune reactions to graft cells. Oral cyclosporine
was discontinued after 24 weeks as planned. At the 36-week
posttransplantation visit, partial depigmentation of the graft
RPE cells was observed, and OCT suggested cellular infil-
tration from the choroid at the graft site. Both LGIR and
DSA tests were negative. The patient partially satisfied 2 out
of the 3 criteria for immune rejection: (1) depigmentation
(not full disappearance) of transplanted cells and (2)
hyperreflective material (rather than fluid) at the graft site.
Fundus angiography showed tissue staining indicative of
cellular infiltration but no evidence of choroidal neo-
vascularization was found. Indocyanine green angiography
revealed small dark spots corresponding to the trans-
plantation area, which may indicate inflammatory cell
accumulation around the grafts (Fig S6, available at
www.ophthalmologyscience.org). Although the condition
did not meet the requirements for immune rejection in this
study, we initiated both focal and systemic anti-
inflammatory therapy, as we could not rule out immune
reactions to the graft cells. The OCT findings of infiltration
resolved 4 weeks after the start of anti-inflammatory therapy
(40 weeks posttransplantation) and remained stable

throughout the 52 weeks posttransplantation. A trend was
observed toward recovery in graft area pigmentation at 52
weeks. Fundus photographs and OCT images showing
changes before and after treatment for immune reactions are
presented in Figure S7 (available at www.ophthalmology
science.org). Subtenon injections of 20-mg triamcinolone
were administered every 3 months to prevent relapse of
immune reactions. Lymphocyte-graft immune reaction and
DSA tests remained negative throughout the 52 weeks
posttransplantation.

Case 2

The patient with MERTK-RP was transplanted with 2 RPE
strips to the superior posterior pole, and silicone oil was
removed after 8 weeks without complications. Concomi-
tant treatments proceeded as planned. The results of LGIR
and DSA tests at 52 weeks posttransplantation were
negative.

Case 3

Two RPE strips were successfully inserted without com-
plications to the superior posterior pole of the patient with
MERTK-RP. Silicone oil was removed 8 weeks after
transplantation. Macular edema associated with transparent
unilateral epiretinal membrane (ERM) formation was
detected 4 weeks posttransplantation. It was resolved after a
single subtenon injection of 20-mg triamcinolone at 12
weeks and remained stable at 52 weeks. OCT images
illustrating macular changes during this period are shown in
Figure S8 (available at www.ophthalmologyscience.org).
The LGIR test at 52 weeks posttransplantation showed a
twofold increase only in the CD4-positive T cells
compared with that of the controls, which was considered
negative for rejection; however, a subtenon injection of 20-
mg triamcinolone was administered as a precaution against
potential immune reactions. The DSA test was negative at
52 weeks posttransplantation.


http://www.ophthalmologyscience.org
http://www.ophthalmologyscience.org
http://www.ophthalmologyscience.org
http://www.ophthalmologyscience.org
http://www.ophthalmologyscience.org
http://www.ophthalmologyscience.org

Ophthalmology Science Volume 5, Number 4, August 2025

Color Fundus Photograph Infrared

Reflectance Optical Coherence Tomography

Infrared

Reflectance Optical Coherence Tomography

Pre

Infrared
Reflectance

Optical Coherence Tomography

Figure 4. Multimodal fundus imaging at pretransplantation and posttransplantation. Color fundus photograph, fluorescein angiography, infrared reflectance,
and OCT images pretransplantation and posttransplantation are presented for case 1 (A), case 2 (B), and case 3 (C); yellow dashed box: transplantation
area; yellow solid box: magnified area in color fundus photograph and fluorescein angiography images. Fundus photography shows gradually increasing
pigmentations in the transplantation areas after transplantation, expanding over time. In case 1, the 52 weeks posttransplantation fundus photograph
presents depigmentation in the transplantation area due to immune reactions to graft cells. Fluorescein angiography shows improvements in window defects
around the transplantation areas posttransplantation. Note: Magnified areas are not the same as the treated zones (See Fig S11) used for quantitative
assessments of FA findings as the primary endpoint. The RPE grafts visible on the OCT images are indicated by yellow lines and yellow arrows. The
strip-shaped grafts 1-day posttransplantation flatten to form the RPE-like layers at 52 weeks posttransplantation. FA = fluorescein angiography; RPE =
retinal pigment epithelium.
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Primary Endpoint Reduction of RPE Abnormal
Area

Fluorescein angiography images taken pretransplantation
and at 12, 24, and 52 weeks posttransplantation were
analyzed using an automated evaluation program to measure
the RPE abnormal area in pixel values. Region of interest
was defined to include 10 000 pixels (approximately
3.29 mm?) of the transplanted area for 1 strip in FA images
at 12 weeks posttransplantation, which was designated as
the treated zone. The control zones were established as
10 000 pixels for case 1 and 20 000 pixels for cases 2 and 3
at 12 weeks posttransplantation (Fig S9, available at
www.ophthalmologyscience.org). The reproducibility of
the automated evaluation program was assessed through
repeated analysis of the baseline FA images (Table S4,
available at  www.ophthalmologyscience.org).  The
reduction in the RPE abnormal area from baseline for
each case is summarized in Figure 10. At 52 weeks
posttransplantation, the RPE abnormal areas were reduced
by 0.27, 1.39, and 0.75 mm? for cases 1, 2, and 3,
respectively (Fig S11, available at
www.ophthalmologyscience.org).

Visual Function Assessment

Retinal sensitivity was measured using the 10-2 program of
MP-3 in the transplanted area. In case 1, total sensitivity
within the measurement area decreased from 456 dB at
baseline to 438 dB at 24 weeks posttransplantation and
further to 402 dB at 52 weeks posttransplantation (Fig 12).
When focusing on the 15 test points within the transplanted
area, subtotal sensitivity decreased from 110 dB at baseline
to 66 dB at both 24 and 52 weeks posttransplantation.
Immune reactions significantly influenced these results,
making it difficult to evaluate the therapeutic effectiveness
of RPE transplantation in this case. However,
measurements covering the macular area suggested
possible preservation of total sensitivity in the treated eye
compared with that of the fellow eye. Assessment of
therapeutic  effectiveness  was  challenging  using
microperimetry in cases 2 and 3, owing to extremely low
baseline retinal sensitivities and minimal changes
thereafter (Fig 12).

Table 5 presents the results of other visual function
assessments including BCVA (decimal and ETDRS), full-
field stimulus testing, monitor test, and letter recognition
test. In case 3, the treated eye consistently showed a decline
across all tests, whereas visual function remained stable
posttransplantation in cases 1 and 2. The Visual Function
Questionnaire-25 score increased from 45.1 at baseline to
54.9 at 52 weeks posttransplantation in case 1. The scores
decreased from 27.6 to 25.0 in case 2 and from 38.1 to 31.7
in case 3.

Safety of the RPE Strip and Surgical Procedures

The thicknesses of the graft RPE and host photoreceptor
layers are documented in Table S6 (available at
www.ophthalmologyscience.org). No signs of unexpected

graft overgrowth or loss of overlying host photoreceptors
were observed.

Immune reactions to graft cells were suspected in case 1,
although it did not meet the study criteria for rejection
(absence of intraretinal/subretinal fluid and negative LGIR
result). This cellular infiltration was managed with focal and
systemic anti-inflammatory therapy without complete loss
of graft cells. Although focal retinal sensitivity detected
using microperimetry may have been affected by immune
reactions, other assessments indicated that visual function
was generally preserved at 52 weeks posttransplantation.

All adverse events that could be attributed to RPE strip
transplantation are listed in Table S7 (available at
www.ophthalmologyscience.org). Epiretinal membrane
formation was observed after transplantation surgery in
case 3, accompanied by macular edema, which was
managed with a focal steroid injection. Although these
adverse events affected visual function, careful
observation was continued to monitor and manage the
outcomes.

Usefulness of Polarization-Sensitive OCT in
Observing RPE Strip Transplantation

We used PS-OCT to evaluate the engraftment of RPE cells
by visualizing melanin concentration in the tissues. The en
face images from all 3 patients showed high-entropy areas
corresponding to the expanding engraftment of transplanted
iPSC-RPE beneath the retina (Fig 13). Entropy values >0.2
were extracted in reference to a previous study that analyzed
RPE entropy within a 6-mm diameter circle centered on the
fovea of a normal eye.32 In addition, PS-OCT was used to
assess the origin of postoperative ERM in case 3. Macular
ERM was detected under silicone oil at 4 weeks post-
transplantation along with epiretinal migration of graft cells
around the transplantation site at 12 weeks post-
transplantation. B-scan images showed low entropy on the
macular surface and high entropy on the retinal surface at
the transplantation site (Fig S8).

Observation of Graft RPE Cells with AO Imaging

The transplanted RPE cells were visualized using AO im-
ages at the transplantation area in all 3 cases (Fig 14).
Transplanted RPE cells displayed a characteristic “bright
at the border and dark at the center” appearance, similar to
typical RPE images captured using an AO camera.” * Graft
RPE cells were consistently observed at the transplantation
site throughout the 52 weeks, and they showed expanded
engraftment. In case 2, the individual RPE morphology
became somewhat blurred by the presence of uniform
white dots, possibly indicating overlying photoreceptor
cells. Transscleral flood illumination images at 52 weeks
were obtained in 2 of the 3 cases, and RPE-like cells were
observed at the transplantation site.

After detecting suspected immune reactions in case 1,
AO images were captured every 4 weeks. Initially detected
at 36 weeks, immune reactions seemed to decrease or blur
the overall graft RPE cells. However, after 8 weeks, cells
were visible again, and by 52 weeks posttransplantation,
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Figure 10. Reduction of RPE abnormal area. A, Pairwise images of early-phase fluorescein angiography at pretransplantation and 24 weeks post-
transplantation in case 2. B, Output images obtained from analysis using automated evaluation program. C, Retinal pigment epithelium abnormal area
reduction from baseline in 3 patients. Blue lines show changes in abnormal area in square millimeters from baseline in the treated zones, and red lines show

those in the abnormal control zones. RPE = retinal pigment epithelium.

RPE cells covered the same area as before the onset of
immune reactions, suggesting a trend toward recovery (Fig
S15, available at www.ophthalmologyscience.org).

Discussion

This is the first clinical report of the allogeneic iPSC-derived
RPE strip transplantation performed in 3 patients with RPE
degeneration. The primary endpoint of reducing the RPE
abnormal area through the survival of transplanted iPSC-
derived RPE cells was achieved in all cases at 52 weeks
posttransplantation without serious adverse events.

Our previous clinical research on RPE transplantation
included 2 other methods: RPE sheet and cell suspension.”"’
The RPE sheet transplantation closely approximates
physiological conditions and potentially enhances graft
function. Our prior study of autologous iPSC-derived RPE
sheet transplantation in 1 case showed stable graft survival
and support for overlying photoreceptors and the underlying
choroid for over 4 years.34 However, this method involves
complex surgical procedures including retinotomy for
subretinal graft delivery, which can lead to intraoperative
complications such as retinal hemorrhage and macular
holes,” followed by severe postoperative complications
such as proliferative vitreoretinopathy.” The RPE cell
suspension transplantation minimizes surgical invasiveness
by requiring only a small injection site for subretinal
delivery. In our previous study, the RPE cell suspensions
were transplanted using a 38G subretinal cannula in 5

patients with AMD. However, visualizing transplanted cells
during and after surgery was challenging, with a risk of
continuous dispersion and backflow of graft cells into the
vitreous cavity until the retina was fully reattached, which
seemed to cause postoperative ERM formation. One patient
developed pigmented ERM that required surgical peeling,
and reverse transcription-polymerase chain reaction analysis
of the removed ERM tissue indicated the presence of RPE
markers such as pigment epithelium-derived factor and
transforming growth factor-B2, although it contained no
inflammatory ~ cells.'' The reported incidence of
postoperative ERM by other teams varies widely from 0%
to 83%.°"” Our molecular biological evaluation suggests
that cell suspension transplantation carries a definitive risk
of ERM formation originating from graft cells. Alternative
approaches, such as the suprachoroidal orbit subretinal
delivery system,”® may reduce this risk; however, they
introduce complications such as RPE detachment and
choroidal neovascularization.’’

We developed RPE strip transplantation as a novel
technique that integrates the advantages of both the previ-
ously mentioned methods. The RPE strip can be delivered to
the subretinal space through a small site using a 31G can-
nula, and it expands to form a physiological monolayer after
transplantation.'> This method combines the structural
integrity and robust subretinal delivery of the RPE sheet
with the minimally invasive nature of the RPE cell
suspension. In this study, the RPE strips were securely
delivered into the subretinal space without intraoperative
complications in the 3 cases. The strips were visible
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during and immediately after surgery and remained
stationary until the retina was completely reattached. This
stability enabled simple monitoring of graft survival
during follow-up and detailed evaluations of the graft sta-
tus along with any associated changes in the surrounding
area, such as mild immune reactions.

We targeted patients with RPE impairment disease,
which includes intractable retinal diseases primarily caused
by RPE degeneration owing to aging or genetic defects,
leading to secondary photoreceptor death.’” Retinal pigment
epithelium dysfunction is central to the pathophysiology of
AMD and some hereditary diseases such as Bietti crystalline
dystrophy, choroideremia, Best disease, and RPE with a
mutation in retinoid cycle related genes such as RPE6S5
and LRAT or phagocytosis genes such as MERTK.*’~*°
The therapeutic concept of RPE transplantation involves
the restoration of deteriorating photoreceptors by recon-
structing a functional RPE layer, holding potential to pre-
serve visual function.

Structural parameters of RPE condition have recent}ty
been used as surrogate endpoints in a clinical trial.”’
Monthly injections of pegcetacoplan, which is an inhibitor

24 weeks

36 weeks

Zleks

626 dB 52 weeks

52 weeks
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Figure 12. Visual function assessment based on retinal sensitivity measurements using microperimetry. A, Measurements of the transplanted area are
presented on fundus photographs at pretransplantation and at 24 and 52 weeks posttransplantation in case 1. The black line surrounds 15 test points on the
transplanted area. Measurements of the macular area show that total retinal sensitivity is stable at pretransplantation and 36 and 52 weeks post-
transplantation in the treated eye, whereas those in the fellow eye show a gradual decrease in total sensitivity from baseline to 24, 36, and 52 weeks
posttransplantation. Measurements of the transplanted area in case 2 (B) and case 3 (C) show extremely low retinal sensitivity at baseline and thereafter.

of complement protein C3, have been shown to slow the
growth of RPE atrophy in patients with dry AMD by 21%
at 52 weeks in the OAKS study (phase III), making it the
first approved drug for dry AMD. Retinal pigment
epithelium transplantation not only aims to inhibit RPE
atrophy but also to reverse it. In a phase I/Ila clinical trial
of subretinal RPE cell suspension transplantation
(RG6501), an average improvement of 1.1 &+ 2.1 mm? in
the RPE abnormal area was observed in 12 participants.*®
Our study showed an average reduction of 2313 + 1732
pixels (approximately 0.8 + 0.6 mm?) in the RPE
abnormal area in 3 patients, with each participant showing
a reduction. Given the initial nature of this case series, the
transplantation dose was limited to 2 strips. We have
confirmed the safety of up to 4 strips in animal
experiments'”’ and expect that future studies with higher
doses will show further improvements. We performed
quantitative assessment usin(?’ FA images with an
automated evaluation program'* to determine RPE cell
engraftment and raster scans of PS-OCT to specifically
identify RPE engraftment by visualizing melanin concen-
tration beneath the retina. Additionally, AO imaging
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Table 5. Visual Function Assessments in 3 Study Participants Pretransplantation and Posttransplantation

Case 1
Visit (wks) Pre 24 52
BCVA
Decimal
Treated 0.1 0.2 0.15
Fellow 0.2 0.2 0.1
ETDRS chart (letters)
Treated 1 2 2
Fellow 2 3 0
FST (dB)
Blue
Treated —52.7 —54.5 —56.4
Fellow -50.2 —54.2 —54.2
White
Treated —44.6 —47.5 —49.5
Fellow —46.3 —49.4 —48.4
Green
Treated —43.2 —45.5 —46.1
Fellow —46.5 —49.1 —49.4
Red
Treated -29.5 -29.8 —29.4
Fellow —-254 -29.5 —28.6
Monitor test (%)
Horizontal motion direction
Treated 94.44 94.44 100
Fellow 88.89 100 94.44
Vertical motion direction
Treated 100 100 94.44
Fellow 94.44 94.44 94.44
Spatial acuity
Treated 84.62 90.91 T85.71
Fellow 87.1 100 93.18
Object localization
Treated 100 100 100
Fellow 100 100 100
Letter recognition test
Treated 25/26 26/26 26/26
Fellow 26/26 26/26 26/26
VFQ-25 score 45.1 54.9

Case 2 Case 3
Pre 24 52 Pre 24 52
0.1 0.1 0.07 0.03 HM 0.01
0.6 0.5 0.5 0.4 0.2 0.3
6 6 4 0 0 0
31 35 10 13 15 22
-0.7 -1.5 -0.3 -0.3 9.1 14.2
—4.6 -3.9 -1.3 —2.4 —-0.4 3.0
2.3 0.9 1.4 2.0 7.6 13.7
-2.5 0.8 —0.4 -2.5 0.1 0.5
0 0.2 0.8 1.5 7.1 8.3
-2.1 -1.2 -1.9 -2.1 —0.4 0.2
1.5 1.4 2.4 0.6 8.4 11.5
-0.6 -0.7 -0.3 —1.8 -0.7 1.7
100 100 100 100 94.44 94.44
88.89 100 100 100 100 94.44
100 100 88.89 100 83.33 94.44
94.44 77.78 83.33 94.44 88.89 94.44
82.14 100 88.89 81.48 77.18 57.14
100 100 100 100 100 100
100 79.12 100 100 100 87.5
100 100 100 95.83 100 100
26/26 26/26 26/26 21/26 0/26 0/26
26/26 26/26 26/26 26/26 26/26 26/26
27.6 25.0 38.1 31.7

BCVA = best-corrected visual acuity; FST = full-field stimulus testing; HM = hand motion; VFQ-25 = Visual Function Questionnaire-25.

captured the expanding engraftment over time, showing a
cobblestone appearance of RPE cells at the transplantation
area. These multimodal imaging including innovative tech-
niques were useful for observing the detailed behavior of
grafted cells. The standard for evaluating the functionality of
grafted RPE cells is currently under development. In this
study, we primarily used FA to quantitatively assess the
RPE abnormal area, relying on its well-established evidence
and our own developed quantitative evaluation method. The
following step involves comparing the FA method with less
invasive imaging techniques, particularly fundus auto-
fluorescence and OCT. Concurrently, further evidence
regarding the correlation between the surrogate endpoint of
RPE structural parameters and the true endpoint of visual
function remains necessary.

Visual function was evaluated up to 52 weeks post-
transplantation. Microperimetry was used to assess focal
retinal sensitivity in the transplanted area; however, the
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results could only be evaluated in case 1. For cases 2 and 3,
measurements showed extremely low sensitivity both pre-
transplantation and posttransplantation. In case 1, total
sensitivity over the transplanted area declined, possibly
owing to immune reactions to the graft cells; however,
sensitivity in the macular area improved compared with that
of the fellow eye. The patient reported noticeable improve-
ments in recognizing specific items such as a kitchen knife
and the spouse’s face. This subjective visual improvement
corresponded to the transplanted site even without the
knowledge of the exact graft location. Additionally, an
approximate 10-point increase was observed in the Visual
Function Questionnaire-25 score, which assesses vision-
related quality of life at 52 weeks posttransplantation from
baseline. Several studies have reported potential visual
function improvements following RPE transplantation,
which was primarily assessed through visual acuity. A phase
I clinical study of RPE sheet transplantation (NCT01691261)
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Figure 13. Usefulness of PS-OCT in observing RPE cell engraftment posttransplantation. The en face images of PS-OCT in which an entropy >0.2 was
extracted at pretransplantation and at 24 and 52 weeks posttransplantation are shown for case 1 (A—C), case 2 (D—F), and case 3 (G—I). Black circles
highlight the transplanted areas. PS-OCT = polarization-sensitive OCT; RPE = retinal pigment epithelium.

showed that both participants experienced an improvement
of more than 15 letters.’ However, this study included
patients with active wet AMD and subretinal hemorrhage,
where surgical procedures also involved subretinal
hemorrhage drainage, which may have affected visual
acuity recovery in addition to the sustained effect of RPE
transplantation. The RG6501 phase I/Ila study of RPE cell
suspension transplantation (NCT02286089) reported an
average gain of 7.6 letters, with 25% of the patients
gaining over 15 letters in a cohort with better preoperative
visual acuity (0.08—0.3 in decimal).”’ No apparent
improvement was observed in patients with worse baseline
visual acuity (0.1 or less in decimal). Another study
reported that at 52 weeks posttransplantation of RPE cell
suspension (NCT01344993 and NCT01345006), 3 out of 7
patients with AMD and Stargardt disease had
improvements of more than 15 letters.'” Although the
study included patients whose baseline BCVA ranged from
0.1 in decimal to hand motion, a subgroup analysis based
on baseline BCVA was not available. In our cohort,
baseline visual acuity was 0.1, 0.1, and 0.03 (decimal) for
cases 1, 2, and 3, respectively, which was similar to the

results of the worse cohort in the RG6501 phase I/Ila
study. Future studies including patients with better
preoperative visual function would help to directly evaluate
the impact of RPE strip transplantation on visual outcomes.

In the current study, postoperative complications included
ERM formation that occurred in 1 of the 3 cases. In case 3,
the macular ERM developed at the remaining posterior vit-
reous, which appeared to lack melanin on PS-OCT imaging.
This contrasts with the localized ERM formed by epiretinal
migration of the RPE cells at graft site, or the ERM devel-
oped in our previous cell suspension clinical study, which
showed melanin content both on fundus examination and
PS-OCT imaging. This suggests that transparent macular
ERM may have developed from an origin distinct from the
RPE graft, also highlighting the importance of monitoring
for the macular pucker as a potential vision-threatening
complication of RPE strip transplantation performed via
vitrectomy. Further histological assessment may help un-
derstand the origin of macular ERM if the surgical removal
becomes necessary. Additionally, we used silicone oil tam-
ponade to ensure clear observation of fundus changes and
graft behavior immediately following transplantation.
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Figure 14. Graft RPE cell observation using AO imaging. Fundus photographs and adaptive optics images of transplantation areas at posttransplantation for
case 1 (A), case 2 (B), and case 3 (C). Red squares indicate the area observed using AO imaging. White squares indicate the area of magnified images.
Magnified AO images at 12 and 52 weeks posttransplantation showing expanded engraftment of RPE cells. Yellow arrow heads point to blur RPE-like
findings as uniform white dots, possibly indicating overlying photoreceptors. Transscleral flood illumination images were available for cases 1 and 2. D,
Typical RPE cell appearance captured using an AO camera with TFI in the normal eye. AO = adaptive optics; RPE = retinal pigment epithelium; TFI =

transscleral flood illumination.

However, silicone oil may potentially increase the risk of
ERM formation.”” Transplantation surgery with gas
tamponade would be a preferable option in the subsequent
series to avoid risks of silicone oil-related complications.
We observed different degrees of epiretinal migration of
graft cells around the transplantation site in all cases in which
melanin concentrations were detected using PS-OCT. The
migrated epiretinal graft cells did not proliferate significantly
and were stable at 52 weeks posttransplantation. Modifying
surgical procedures, such as targeting areas distant from the
retinotomy site and peeling the internal limiting membrane
around the site, may mitigate the epiretinal migration of graft
cells. Although we performed vitrectomy with minimized
intraocular illumination while ensuring safe surgical pro-
cedures, the potential phototoxicity, particularly in cases of
retinal degenerative diseases with fragile retinas, warrants
further consideration. Another complication was a possible
immune response owing to HLA-mismatched iPSC-derived
RPE cells. Concomitant treatment including 24 weeks of oral
cyclosporine administration was tolerable in all cases. One of
the 3 cases showed suspected immune reactions to graft cells
12 weeks after the planned discontinuation of systemic im-
munosuppressants; however, systemic and focal anti-
inflammatory therapies controlled immune reactions and
the grafted cells survived. Although the case did not meet the
protocol’s criteria for immune rejection, the response to anti-
inflammatory therapy served as diagnostic confirmation.
This could be due to the early detection of the immune re-
sponses at the defined graft site. Both fluorescein and
indocyanine green angiography supported the decision to
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initiate anti-inflammatory therapy. The guidelines for im-
mune rejection may require further tuning. The results sug-
gest that HLA-mismatched RPE transplantation could be
acceptable for clinical application with careful observation,
although the ideal concomitant treatment regimen for pre-
venting immune reactions requires further discussion. Long-
term use of immunosuppressants requires cautious follow-up
owing to the risk of adverse events, making the use of HLA-
knockout grafts a promising alternative transplant strategy.’”

This initial case series of allogeneic iPSC-derived RPE
strip transplantation involved a limited number of patients
and short follow-up periods. The RPE strips were reliably
delivered and engrafted to all 3 patients with RPE degen-
eration and decreased the RPE abnormal area assessed by
FA. In animal studies, the transplanted RPE strips were most
frequently placed in swirled or zigzag patterns, followed by
filling of the gap spaces with migrated RPEs, as seen in case
2. In case 3, 1 of 2 strips was unexpectedly engrafted in a
linear form. However, AO imaging revealed that RPE cells
had migrated outward from this strip to cover a wider linear
area (Fig 14). While we currently cannot control the shape
of RPE engraftment, we can ensure its settled location.
We believe that the surgical techniques for controlling
graft shape, which may also depend on controlling how
we make artificial retinal detachment at the target region,
are expected to improve through the efforts of our team
and other surgeons. Although no serious adverse events
occurred, immune reactions to graft cells and ERM
formation should be carefully monitored after
transplantation surgery. Significant improvements in
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vision-related quality of life and possible restoration of
retinal sensitivity were observed in 1 of the 3 patients where
microperimetry could be evaluated as a visual function
assessment. Further investigation including long-term ob-
servations and larger patient cohorts, particularly those with
better preoperative visual functions, is required for con-
firming the safety of RPE strip transplantation and evalu-
ating its effectiveness in preserving visual function.

Data Availability

The data analyzed in this study and the research protocol are
available from the corresponding author upon reasonable
request.
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