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Choroideremia, an incurable, progressive retinal degeneration primarily affecting young men, leads to sight loss. GEMINI
was a multicenter, open-label, prospective, two-period, interventional Phase II study assessing the safety of bilateral sequen-
tial administration of timrepigene emparvovec, a gene therapy, in adult males with genetically confirmed choroideremia
(NCT03507686, ClinicalTrials.gov). Timrepigene emparvovec is an adeno-associated virus serotype 2 vector encoding the
cDNA of Rab escort protein 1, augmented by a downstream woodchuck hepatitis virus post-transcriptional regulatory ele-
ment. Up to 0.1 mL of timrepigene emparvovec, containing 1 · 1011 vector genomes, was administered by subretinal injec-
tion following vitrectomy and retinal detachment. The second eye was treated after an intrasurgery window of <6, 6–12, or
>12 months. Each eye was followed at up to nine visits over 12 months. Overall, 66 participants received timrepigene empar-
vovec, and 53 completed the study. Visual acuity (VA) was generally maintained in both eyes, independent of intrasurgery
window duration, even after bilateral retinal detachment and subretinal injection. Bilateral treatment was well tolerated, with
predominantly mild or moderate treatment-emergent adverse events (TEAEs) and a low rate of serious surgical complications
(7.6%). Retinal inflammation TEAEs were reported in 45.5% of participants, with similar rates in both eyes; post hoc analy-
ses found that these were not associated with clinically significant vision loss at month 12 versus baseline. Two participants
(3.0%) reported serious noninfective retinitis. Prior timrepigene emparvovec exposure did not increase the risk of serious
TEAEs or serious ocular TEAEs upon injection of the second eye; furthermore, no systemic immune reaction or inoculation
effect was observed. Presence of antivector neutralizing antibodies at baseline was potentially associated with a higher per-
centage of TEAEs related to ocular inflammation or reduced VA after injection of the first eye. The GEMINI study results
may inform decisions regarding bilateral sequential administration of other gene therapies for retinal diseases.
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INTRODUCTION
The eye is a target organ with several advantages for
gene therapy. It is small, easily accessible, and compart-
mentalized with a physical blood–retina barrier. It is
also relatively immune privileged (its immunological
response to antigens is attenuated), and successful trans-
duction requires relatively few vector/gene copies. The
untreated fellow eye acts as a control.1–4 Gene replace-
ment therefore offers a potential treatment strategy for
inherited retinal degenerations, particularly for rare,
recessive diseases in which the required transgene is
small, such as choroideremia.5,6

Choroideremia is caused by mutations in CHM, which
encodes Rab escort protein 1 (REP1), a protein involved
in retinal pigment epithelium (RPE) maintenance.7–9 The
RPE separates the retina from the choroid, which pro-
vides oxygen and nutrients to the outer retinal layer.10,11

In choroideremia, peripheral RPE degeneration and rod
photoreceptor cell death cause childhood night blind-
ness.5,7,8 Progressive bilateral centripetal degeneration of
the RPE, retina, and choroid typically results in legal
blindness by the patient’s fourth decade,6–8,12,13 impair-
ing quality of life.14–16

As an X-linked disease, choroideremia almost exclu-
sively affects the male population; its prevalence is approxi-
mately 1:50,000.7,17–20 Female patients often have mild
pigmentary changes and well-preserved visual acuity (VA),
although X-chromosome inactivation may cause variable
phenotypes.6,7,17 In males, VA decline accelerates after
around 40 years of age but remains slow compared with the
typical interventional study duration of 1–2 years.15,21

NIGHT, a noninterventional natural history study, demon-
strated stable best-corrected visual acuity (BCVA) over
20 months in males with choroideremia and an average age
of 47.1 years.22

Choroideremia is currently untreatable. Several gene
therapies are being investigated to address the significant
unmet need for therapies to slow disease progression,4,7,14

mostly using the adeno-associated virus serotype 2 (AAV2)
vector.4 A Phase III study evaluating the efficacy and safety
of bilateral sequential subretinal injection of voretigene
neparvovec, with the second eye injected 6–18 days after
the first, demonstrated improved functional vision in partic-
ipants with RPE65-mediated inherited retinal dystrophy;
this AAV2-based treatment was the first ocular gene ther-
apy approved by the Food and Drug Administration.4,23

Timrepigene emparvovec (BIIB111/AAV2-REP1), des-
cribed previously,24 also uses the AAV2 vector. Its Phase
I/II studies demonstrated improved or stable BCVA over
24 months in most participants with moderate vision loss
at baseline (‡34 to <78 letters), compared with the
untreated eye.16,25–29 However, the Phase III STAR
study (NCT03496012, ClinicalTrials.gov), which eval-
uated efficacy and safety of unilateral timrepigene

emparvovec administration, did not meet its primary
end point (‡15-letter BCVA improvement at month
12 versus untreated control).30

GEMINI was an open-label, Phase II study assessing
the safety of bilateral sequential administration of timre-
pigene emparvovec (NCT03507686) focusing on inflam-
matory responses, conducted to satisfy the regulatory
recommendation to clinically assess ocular gene therapies
for bilateral treatment in both eyes.31,32

METHODS
Study design
GEMINI was a multicenter, open-label, prospective,

two-period, bilateral, interventional safety study conducted
between November 29, 2017 and June 29, 2022. Surgical
timrepigene emparvovec administration in each eye was
separated by an observational intrasurgery window of vari-
able duration (Fig. 1). Each eye was followed for £9 visits
per treatment period (day 0/injection day, days 1, 3, 7, and
14, and months 1, 3, 6, and 12). After the second surgery
(period 2, day 0), participants followed the period 2 visit
schedule; period 2 ophthalmic assessments were per-
formed on both eyes. With each participant’s collabora-
tion, the investigator generally assigned the eye with
lower baseline BCVA to be study eye 1.
The intrasurgery windows (short: <6 months, medium:

6–12 months, or long: >12 months) were not randomized;
instead, anticipated windows were determined at screen-
ing by a Patient Eligibility Review Committee, aiming to
reflect expected real-world timrepigene emparvovec use.
GEMINI participants could enter a long-term follow-up
study (SOLSTICE, NCT03584165).33

Eligible participants were male, aged ‡18 years, with a
genetically confirmed choroideremia diagnosis, active
disease clinically visible within the macular region of
both eyes, and a BCVA of ‡34 Early Treatment of Dia-
betic Retinopathy Study letters in both eyes, or in the
untreated eye if the other had previously received timrepi-
gene emparvovec (in which case, their untreated eye
could be treated in GEMINI). Whereas the STAR study
required a baseline BCVA of 34–73 letters, GEMINI had
no upper limit.30 Previous participation in the following
studies was allowed: STAR (including control partici-
pants), investigator-sponsored trials (NCT02077361; NCT-
02671539; NCT02553135; NCT01461213), REGENERATE
(NCT02407678), NIGHT (NCT03359551), or SOLSTICE
(NCT03584165).30,33–39

Participants with a history of amblyopia or inflamma-
tory disorder in either eye, or any other significant ocular
or nonocular condition that could put the participant at
risk in the study, were ineligible. Intraocular surgery
within 3 months of screening, participation in another
research study involving an investigational product in the
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past 12 weeks, or previous receipt of another gene- or
cell-based therapy was not permitted.
Each site’s respective research ethics committees

(independent ethics committee or institutional review
board) approved the study, and all participants gave
written informed consent. The study complied with all
appropriate laws and regulations, including the Interna-
tional Council for Harmonization Guidelines for Good
Clinical Practice and, where permissible, the Declara-
tion of Helsinki.40,41

Interventions
Timrepigene emparvovec comprises the wild-type

CHM cDNA sequence encoding REP1, with the cyto-
megalovirus enhanced chicken b-actin hybrid pro-
moter and a modified woodchuck hepatitis virus post-
transcriptional regulatory element, packaged into the
AAV2 vector.24 In a two-step process, vitrectomy and
retinal detachment with a balanced salt solution were
performed first.25 Secondly, timrepigene emparvovec
was administered by subretinal injection of £0.1 mL
of the study drug containing 1 · 1011 vector genomes
at day 0 of period 1 (visit 1) for study eye 1 and day 0
of period 2 (visit 1) for study eye 2.
All participants received oral prednisone or prednisolone

to minimize postsurgical inflammation (Supplementary
Data S1); most also received prophylactic ocular steroid
drops.

Primary and secondary end points
The primary end point was the safety of bilateral adminis-

tration of timrepigene emparvovec, evaluated (through
month 12, unless otherwise stated) by the following safety
measures: BCVA; spectral domain optical coherence tomog-
raphy (SD-OCT); autofluorescence (AF); microperimetry
(MP); adverse event (AE) reporting; ophthalmic examina-
tion assessments (including intraocular pressure, slit lamp
examination, lens opacity grading, and dilated ophthalmos-
copy); fundus photography (screening and month 12); vital
signs (screening, days 1 and 3, and month 12); post-
treatment vector shedding (through month 3); and immuno-
genicity sampling post-treatment, with assessment of anti-
drug antibodies (ADAs) against the REP1 transgenic
product, neutralizing antibodies (NAbs) against the AAV2
capsid, and enzyme-linked immunospot (ELISpot) assays.
Vector shedding samples were considered positive if the
measured vector DNA concentration was above the limit of
detection; positive samples may have been below the limit
of quantification. Supplementary Data S2 describes the
immunogenicity assessments.
Treatment-emergent AEs (TEAEs) and serious AEs

(SAEs), their relationship to study drug and/or proce-
dures, and participants with SAEs leading to study dis-
continuation were summarized. Time to TEAE onset was
calculated starting from the participant’s first surgery in
GEMINI. The relationship between immunogenicity and
TEAEs related to ocular inflammation, reduced VA, and
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Figure 1. Study design. Partially shaded bars indicate remapped data for period 1. Most participants began period 2 before completing period 1, so
BCVA end points for study eye 1 (lower baseline BCVA) in period 2 were converted (remapped) to their equivalent period 1 time points to allow longitu-
dinal analysis across the whole study. BCVA, best-corrected visual acuity.
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hypersensitivity was assessed; the latter were defined by
the standardized Medical Dictionary for Regulatory Activ-
ities (MedDRA) queries (broad and narrow) of hypersensi-
tivity, v25.0.42 AEs of interest were chosen using custom
MedDRA queries to collate all preferred terms related to
ocular inflammation or reduced VA.
The secondary end points were changes from baseline

in BCVA, AF, SD-OCT, and MP at month 12.

Statistical methods
The planned enrollment was 60 participants. The all-

treated participants population comprised all participants
who had surgery in GEMINI. The immunogenicity popula-
tion comprised participants with evaluable immunogenicity
samples at baseline and at least one postsurgery visit.
No formal statistical analyses were planned or performed

for the primary and secondary end points. Descriptive sta-
tistics summarized continuous variables. Counts and per-
centages summarized categorical and binary variables.
Safety analyses and the main efficacy analysis used the
observed case method. Supportive analyses for BCVA-
related end points used the last observation carried forward
method. Most participants began period 2 before complet-
ing period 1 (Fig. 1), so BCVA end points for study eye 1
in period 2 were converted (i.e., remapped) to their

equivalent period 1 time points to allow longitudinal analy-
sis across the whole study.
Selected baseline characteristics and retinal inflamma-

tion events were assessed post hoc in participants with
‡15-letter BCVA loss at month 12 (continuous variables:
logistic regression model; categorical variables: Fisher’s
exact test) (Supplementary Table S1). NAb status heat-
maps were generated post hoc.

RESULTS
Participant disposition and baseline characteristics
Overall, 66 participants enrolled and received timre-

pigene emparvovec, and 53 completed the study; 13
participants discontinued, four of these because of
SAEs (Supplementary Fig. S1). No participants with-
drew because of nonserious TEAEs. All participants
were male; baseline ocular characteristics were repre-
sentative of adults with choroideremia and were well-
balanced between study eyes (Table 1). The intrasur-
gery window ranged from 22 to 483 days.

Functional and anatomical end points
BCVA was generally maintained post-treatment, despite

both eyes undergoing retinal detachment and subretinal

Table 1. Demographics and Participant Baseline Characteristics

Demographics
Period 1a

(N = 60)
Period 2 a

(N = 56)
All participants

(N = 66)

Age (years), Mean (SD) 34.9 (12.5) 35.4 (12.8) 36.7 (13.6)
Sex: male, n (%) 60 (100) 56 (100) 66 (100)
Ethnicity: n (%)
Hispanic or Latino 4 (6.7) 3 (5.4) 4 (6.1)
Not Hispanic or Latino 54 (90.0) 53 (94.6) 60 (90.9)
Not reported 2 (3.3) 0 2 (3.0)

Race: n (%)
Asian 1 (1.7) 1 (1.8) 1 (1.5)
White 59 (98.3) 55 (98.2) 65 (98.5)

Baseline weight (kg), mean (SD) 86.4 (22.8) 88.3 (22.1) 86.5 (22.3)

Baseline characteristics

Period 1a Period 2a

Study eye 1 Study eye 2 Study eye 1 Study eye 2

BCVA letters, median (IQR) 78.5 (74.5, 83.0) 82.0 (80.0, 85.0) 80.0 (75.5, 83.0) 85.0 (80.0, 88.0)
Mean sensitivityb (dB), mean (SD) 6.62 (6.94) 6.87 (6.98) 6.17 (6.43) 6.95 (6.84)
Intraocular pressure (mmHg), mean (SD) 15.3 (3.2) 15.3 (3.1) 14.2 (2.9) 14.7 (3.0)
Central horizontal ellipsoid width (microns), mean (SD) 2191.0 (1369.3) 2144.0 (1084.0) 2050.9 (1331.7) 1979.2 (1081.6)
Central ellipsoid area (mm2), mean (SD) 3.400 (1.833) 4.854 (2.833) 3.366 (1.875) 4.760 (2.938)
Total area of preserved AF (mm2), mean (SD) 11.276 (12.494) 11.428 (12.355) 10.595 (12.411) 10.690 (12.252)
Square root of total area of preserved AF (mm), mean (SD) 2.980 (1.561) 3.040 (1.493) 2.862 (1.566) 2.891 (1.541)
Surgical and medical procedures 1 (1.7) 1 (1.7) 3 (5.4) 2 (3.6)
Intraocular lens implant 1 (1.7) 1 (1.7) 3 (5.4) 2 (3.6)
Cataract operation 0 0 2 (3.6) 1 (1.8)
Photorefractive keratectomy 0 0 1 (1.8) 1 (1.8)

aThe first surgery was performed on visit 1 (day 0) of period 1, and the second surgery was performed on visit 1 (day 0) of period 2.
bRetinal sensitivity was measured by microperimetry.

AF, autofluorescence; BCVA, best-corrected visual acuity; dB, decibel; IQR, interquartile range; N/n, number of participants; SD, standard deviation.
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injection. Small, but not clinically significant, mean
decreases were seen at month 12 in both eyes; the largest
mean decrease (-2.8– 16.0 letters) was for study eye 1,
period 1 (Fig. 2). Post hoc analyses did not demonstrate a
statistically significant correlation (nominal p > 0.05)
between retinal inflammation events and BCVA reduction
of ‡15 letters from baseline at month 12 (Supplementary
Table S1). In period 1, after treatment of study eye 1, a
few participants experienced sporadic ‡10- and ‡15-letter
improvements in BCVA from baseline in their untreated
study eye 2. The BCVA decrease observed up to 30 days
after treatment was consistent with normal postprocedure
recovery, when blurred vision may persist for several
weeks.43–45 BCVA changes from baseline were compara-
ble between study eyes and unaffected by intrasurgery
window. Based on post hoc subgroup analyses, older base-
line age for study eye 1 and lower baseline BCVA in study
eye 2 were the only potential risk factors for a ‡15-letter
BCVA reduction at month 12 (n = 7 eyes) (Supplementary
Table S1). No adverse changes in SD-OCT, AF, or MP
parameters were observed at month 12.

Safety end points
In both periods, most participants experienced TEAEs,

which were predominantly mild or moderate (Table 2;
Supplementary Table S2). The most common ocular
TEAEs were conjunctival hemorrhage, anterior chamber
cell, VA reduced, eye pain, and foreign body sensation

(Supplementary Table S3). Most ocular TEAEs were
considered related to study procedure (502 events in
65/66 participants, 98.5%) rather than study drug (46 events
in 19/66 participants, 28.8%); some were considered
related to both. Five participants (7.6%) had SAEs poten-
tially related to procedural complications with anatomical
correlation (vitreous hemorrhage, macular hole, retinal
detachment, tractional retinal detachment, and choroidal
neovascularization). Supplementary Table S4 lists SAEs
leading to study discontinuation, including noninfective
retinitis. In period 1, more participants reported TEAEs in
study eye 1 soon after surgery (£30 days post-treatment,
95.0%) compared with later time points (28.3%). There
was no meaningful difference across intrasurgery win-
dows in TEAE incidence, onset time, outcome (recov-
ered/resolved), or participants reporting at least one
study-drug- or study-procedure-related SAE. One par-
ticipant died from completed suicide, considered unre-
lated to study drug or study procedures. Supplementary
Table S5 lists SAEs by study period.
Incidences of ocular-inflammation-related (66.7%)

and reduced-VA-related TEAEs (57.6%) were similar
between study eyes, periods (Supplementary Tables S6
and S7), and intrasurgery windows. Retinal-inflammation-
related TEAEs occurred in 45.5% of participants, with
similar rates in both eyes; serious noninfective retinitis
occurred in two participants (3.0%) (Supplementary
Table S8).
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Figure 2. BCVA mean (SD) change from baseline over time (partial output). Data for days 1, 3, and 7 are not shown because these data are highly
variable and are not predictive of final visual outcome. Data for period 2, study eye 1 (lower baseline BCVA) are not available for this figure because
the data in this figure are the remapped observed case data (see Figure 1 legend for definition of remapped data). The blue, orange, and green num-
bers represent the n numbers for each time point. BCVA, best-corrected visual acuity; n, number of participants; SD, standard deviation.
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No meaningful changes occurred in intraocular pressure,
slit lamp examination assessments, lens opacity grades,
dilated ophthalmoscopy, fundus photography, or vital signs.
Figure 3 shows representative retinal images of partici-
pants. Baseline saliva, blood, urine, and bilateral tear sam-
ples were negative for vector shedding in both treatment
periods. Urine samples remained negative. At day 1 in both
periods, low proportions of saliva (£25%), blood (£25%),
and bilateral tear samples (£35%) were positive, most of
which were below the limit of quantification; these gener-
ally reverted to baseline (negative) by either day 14 (tears
and saliva) or month 1 (blood).

Immunogenicity
Baseline ADA samples were available for all partici-

pants, and none was positive at any time point. Approxi-
mately one-third of participants with available NAbs data
were baseline positive, consistent with the published NAb
seroprevalence.46 The highest percentage of treatment-

emergent positive NAb responses was observed at month 1
(period 1: 10.5%, four participants; period 2: 14.3%, five
participants) (Fig. 4). Of those with available ELISpot data
(36 in period 1, 40 in period 2), most were negative at base-
line (Fig. 5). The highest percentage of treatment-emergent
positive ELISpot statuses against overall AAV2-REP1 was
observed at month 3 in period 1 (5/17 participants, 29.4%)
and at month 6 in period 2 (4/28 participants, 14.3%). In
post hoc heatmap analyses, baseline NAbs positivity (19 in
period 1, 21 in period 2) was not associated with post-
treatment NAb response or occurrence of retinal inflamma-
tion TEAEs (Supplementary Fig. S2). ELISpot heatmaps
are not included owing to the small sample size.
In period 2, a ‡15-letter decrease from baseline in month

12 BCVA score was observed in four eyes in three partici-
pants (aged 33–57) with preexisting NAbs; no reasons were
identified for this. No participants with baseline-positive
ELISpot status experienced a ‡15-letter BCVA reduction.
More participants with baseline-positive NAbs experienced

Table 2. Treatment-Emergent Adverse Events Reported by Treatment Period

Summary of adverse events

Period 1
(N = 60)
n (%) E

Period 2
(N = 56)
n (%) E

All Participants
(N = 66)
n (%) E

Any TEAE 60 (100) 322 54 (96.4) 352 66 (100) 674
Any ocular TEAE 57 (95.0) 273 51 (91.1) 298 65 (98.5) 571
Any ocular-inflammation-related TEAEa 33 (55.0) 59 33 (58.9) 64 44 (66.7) 123
Any VA-reduced-related TEAEb 25 (41.7) 39 22 (39.3) 44 38 (57.6) 83
Any retinal inflammation TEAEc 18 (30.0) 25 17 (30.4) 27 30 (45.5) 52
Any SAE 12 (20.0) 18 8 (14.3) 14 19 (28.8) 32
Any ocular SAE 11 (18.3) 17 6 (10.7) 10 16 (24.2) 27
Any retinal inflammation SAEc 3 (5.0) 3 0 3 (4.5) 3
TEAE severity
Mild 31 (51.7) 255 29 (51.8) 300 23 (34.8) 555
Moderate 22 (36.7) 59 21 (37.5) 45 32 (48.5) 104
Severe 7 (11.7) 8 4 (7.1) 7 11 (16.7) 15

Ocular TEAE plausible relationship
Related to study drug 12 (20.0) 18 10 (17.9) 28 19 (28.8) 46
Related to study procedure 57 (95.0) 251 49 (87.5) 251 65 (98.5) 502

TEAE outcome
Not recovered/not resolved 17 (28.3) 30 17 (30.4) 57 31 (47.0) 87
Recovered/resolved 35 (58.3) 275 34 (60.7) 284 29 (43.9) 559

Participants with SAEs leading to discontinuation of study 4 (6.7) 7 0 4 (6.1) 7
TEAEs leading to death 0 1 (1.8) 1 1 (1.5) 1

aEvents with the following preferred terms were considered to be related to ocular inflammation: anterior chamber cell, anterior cham-

ber fibrin, anterior chamber flare, anterior chamber inflammation, aqueous fibrin, autoimmune eye disorder, birdshot chorioretinopathy,

chorioretinitis, choroiditis, cystoid macular edema, endophthalmitis, eye inflammation, hypopyon, immune-mediated uveitis, macular

edema, necrotizing retinitis, noninfectious endophthalmitis, noninfective chorioretinitis, noninfective retinitis, ocular vasculitis, optic

neuritis, panophthalmitis, retinal edema, retinal vasculitis, retinitis, sympathetic ophthalmia, toxic anterior segment syndrome, uveitis,

uveitis-glaucoma-hyphema syndrome, and vitritis.
bEvents with the following preferred terms were considered to be related to reduction in VA: altered visual depth perception, amauro-

sis, amaurosis fugax, blindness, blindness day, blindness transient, blindness unilateral, central vision loss, Charles Bonnet syndrome,

chloropsia, chromatopsia, color blindness, color blindness acquired, cyanopsia, delayed dark adaptation, delayed light adaptation,

diplopia, eccentric fixation, erythropsia, foveal degeneration, glare, halo vision, loss of visual contrast sensitivity, low luminance BCVA

decreased, metamorphopsia, night blindness, photopsia, sudden visual loss, tunnel vision, vision blurred, VA reduced, VA reduced tran-

siently, visual brightness, visual field defect, visual impairment, and xanthopsia.
cEvents with the following preferred terms were considered to be related to retinal inflammation: chorioretinitis, choroiditis, cystoid

macular edema, eye inflammation, noninfective chorioretinitis, noninfective retinitis, retinal edema, retinitis, vitreal cells, and vitritis.

BCVA, best-corrected visual acuity; E, number of events; N/n, number of participants; SAE, serious adverse event; TEAE, treatment-emergent

adverse event; VA, visual acuity.
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a month 12 ‡15-letter decrease from baseline in BCVA in
period 2 than in period 1. Baseline positivity for NAbs was
potentially associated with a higher period 1 incidence of
ocular-inflammation- or reduced-VA-related TEAEs.

DISCUSSION
The GEMINI study demonstrated an acceptable safety

profile for bilateral sequential subretinal injection of tim-
repigene emparvovec in male participants with choroider-
emia, without significant immune response. GEMINI is
the largest prospective bilateral ocular gene therapy clini-
cal study conducted to date.23

Contextualizing the study procedure’s low serious com-
plications rate (7.6%) is challenging because data on sub-
retinal injection complications are sparse, and injection
techniques constantly evolve.47,48 Prior exposure to tim-
repigene emparvovec did not increase the serious TEAE

risk upon second surgery, potentially associated with a
lower complication risk given surgeons’ greater proce-
dural familiarity.
The intrasurgery windows did not meaningfully affect the

safety profile. Except for the 1.7- to 4.6-year intrasurgery
window in a follow-on Phase I safety study of contralateral
voretigene neparvovec administration,49 the GEMINI intra-
surgery windows were longer than those for voretigene
neparvovec: an approved minimum of 6 days,43,50 6–18 days
in a Phase III study,23 and 7 days in a small, retrospective
Danish study.51 In the retrospective study, 9/23 eyes (6/12
patients) had vitritis, more frequently in the second eye.51

Our immunological analyses suggested that bilateral
sequential timrepigene emparvovec administration was
not associated with a significant immune response: no
post-treatment samples were positive for ADAs, and few
participants developed treatment-emergent ELISpot posi-
tivity. Furthermore, there was no evidence of systemic

Early Choroideremia Late Choroideremia
a

c

d

b e

g

h

f

Figure 3. Representative retinal images from GEMINI participants with (a–d) early choroideremia and (e–h) late choroideremia. (a) Color fundus image
showing a residual island of retinal and RPE tissue. (b) FAF imaging shows a smooth textured area (smooth zone) at the center of the island with a mot-
tled texture at the edges. (c) Mesopic microperimetry showing well-preserved retinal sensitivity within the smooth zone, reduced sensitivity in the mot-
tled zone, and absent responses outside of the island. (d) OCT imaging showing preserved ellipsoid zone and photoreceptors at the center, with
degeneration seen at the edge of the island. Advanced outer retinal degeneration with photoreceptor layer loss is observed beyond the island. (e)
Color fundus image showing a small residual island with extensive peripheral retinal, RPE, and choroidal degeneration. (f) FAF imaging delineates the
residual island of tissue, with a central smooth zone. (g) Mesopic microperimetry showing well-preserved retinal sensitivity within the smooth zone,
reduced sensitivity in the mottled zone, and absent responses outside of the island. (h) OCT imaging showing a narrow band preserved ellipsoid zone
and photoreceptors at the fovea, with severe outer retinal degeneration beyond the island, with loss of the outer retina and RPE manifesting as choroi-
dal hypertransmission (whitening) of the OCT signal. Both participants whose images are shown here signed an informed consent form giving permis-
sion for use of their photographs in publications. FAF, fundus autofluorescence; OCT, optical coherence tomography; RPE, retinal pigment epithelium.
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immune reaction or an inoculation effect, as the reported
inflammatory reaction profile was similar for both injections.
Similar results were seen following sequential bilateral
administration of AAV2 in nonhuman primates with baseline
anti-AAV2 antibodies.52 These findings have important
implications for other AAV2-based ocular gene therapies.
NAb positivity at baseline was potentially associated with
increased rates of ocular-inflammation-related TEAEs and
reduced-VA-related TEAEs during period 1. Subretinal
inflammation was not specifically assessed in GEMINI,
but could be related to NAb status and, for subretinally
administered treatments, be more relevant than general ocular
inflammation. Subretinal inflammation primarily relates to
choroidal thickening and, in some cases, intraretinal fluid.27

Although many participants experienced ocular inflam-
mation (66.7%) or retinal inflammation (45.5%), these were
generally manageable with steroid administration, and
very few participants discontinued because of ocular-
inflammation-related (1/44 participants, 2.3%) or retinal-
inflammation-related (1/30 participants, 3.3%) TEAEs. The
vast majority of these ocular/retinal inflammation events

were nonserious (95.5%) and generally manageable. Reti-
nal inflammation rates in the GEMINI study (45.5%)
and the STAR study treatment groups (47–51%) were
similar.30 The rate was lower in a Phase I/II study of
timrepigene emparvovec; 1/14 participants (7.1%) expe-
rienced significant retinal inflammation, but the postop-
erative steroid course duration was subsequently
increased.27 Initiation of steroids could be a useful proxy
to monitor subretinal inflammation. Other potential immu-
nosuppressive strategies include rituximab, protease inhibi-
tors, hydroxychloroquine, and rapamycin.53,54

As expected in a safety study of this duration, BCVA
was generally maintained in both eyes over 12 months
after a single subretinal treatment in each eye. The small
overall decrease in BCVA was not clinically meaningful
and some participants experienced sporadic ‡10- or ‡15-
letter improvements from baseline. Many participants had
high baseline BCVA, limiting their scope for VA improve-
ments. Surprisingly, study eye 2 had a small apparent treat-
ment effect during period 1. The recently published STAR
study did not meet its primary end point, but there was a
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Figure 4. NAbs sampling over time during period 1 (a) and period 2 (b). Percentages are given based on the number of participants with a negative
NAbs result at baseline (period 1, n = 38; period 2, n = 35) or a positive NAbs result at baseline (period 1, n = 19; period 2, n = 21). Data for missing par-
ticipants at each time point are not shown. n, number of participants; NAb, neutralizing antibody.
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treatment effect for the number of participants with ‡15-
letter BCVA gains for high-dose timrepigene emparvovec
(1 · 1011 vector genomes) versus untreated control and
with ‡10-letter gains for both high and low dose (1 ·
1010 vector genomes) versus control.30 BCVA loss after
12 months was less for both the high and low dose than
the untreated control group.30

GEMINI showed no meaningful changes from baseline
in other secondary outcomes, suggesting that they may
not be influenced by prior timrepigene emparvovec expo-
sure; together with the post hoc analyses, the previously
reported correlation between inflammation and BCVA
reduction is not supported. Verifying this would require
larger studies, as few participants lost ‡15 letters in

GEMINI. Furthermore, baseline characteristics and retinal
inflammation events were not assessed post hoc in partici-
pants with losses in MP measures, which can sometimes
progress while BCVA remains stable.22 Potential reasons
for stable secondary outcomes include age-related effects,
ceiling effects for improvement from a relatively high base-
line VA, the short follow-up period relative to the time
course of disease, and interindividual variation in natural
history of disease. The maintenance of BCVA in the 20-
month noninterventional NIGHT study suggests that GEM-
INI may have been too short to detect slowing of disease
progression.22 However, GEMINI achieved its primary
goal of assessing inflammatory responses to bilateral retinal
gene therapy with an AAV2 vector.
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Figure 5. ELISpot sampling over time during period 1 (a) and period 2 (b). ELISpot, enzyme-linked immunospot.
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Additional limitations include the unique challenges of
performing surgery on eyes with choroideremia, such as reti-
notomies close to the fovea, exposing it to high injection
pressures and variable tolerance to induction of retinal
detachment by bleb initiation.25,55–57 The lack of ADA-
positive participants precluded assessment of the effect of
ADAs on study end points. Exclusion of participants with
incomplete immunogenicity data reduced the sample size to
support immunogenicity conclusions. Participants transfer-
ring from earlier studies, involving treatment of only one
eye, potentially had unintentionally long intrasurgery win-
dows, up to 483 days. Finally, the definition of AE onset
(calculated from the first surgery in GEMINI) potentially
limited the ability to draw safety conclusions for study eye 2.
In conclusion, we demonstrated that bilateral sequential

administration of timrepigene emparvovec was well toler-
ated in male participants with choroideremia, without sig-
nificant immune responses and with BCVA maintained.
Our findings may be applicable to bilateral administration
of other ocular gene therapies for retinal diseases.
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Data S1. Full corticosteroid regimen 

Oral prednisone or prednisolone was administered daily to all participants as follows, 

beginning 2 days before the vector injection: 

Day −2 through Day 7 (10 days): 1 mg/kg/day (not to exceed 80 mg/daily) 

Day 8 through Day 14 (7 days): 0.5 mg/kg/day 

Day 15 through Day 16 (2 days): 0.25 mg/kg/day 

Day 17 through Day 18 (2 days): 0.125 mg/kg/day 

For Study Eye 1, the full oral corticosteroid regimen was initiated as described. For 

Study Eye 2 surgeries that occurred on Day 21 or later, the full regimen was initiated 

2 days before surgery on that eye. If surgery was to be performed on Study Eye 2 

earlier than Day 21, then the full regimen was initiated 2 days prior to that surgery 

and this superseded the steroid taper process for Study Eye 1. If inflammation was 

observed in the study eye, and additional treatment with corticosteroid medication 

was indicated in the opinion of the Investigator, then corticosteroid therapy could be 

increased during the taper period (to a maximum of 1 mg/kg/day), could be 

reinitiated following completion of the taper, and/or could be supplemented by 

intraocular corticosteroids. 

 



Data S2. Details of immunological assessments 

Blood samples for assessment of immunogenicity for each study period were 

collected at screening, baseline, Day 1 (the day following surgery), Day 7, Day 14, 

Month 1, Month 3, Month 6, Month 12, and at the end-of-treatment visit. All 

immunogenicity assays were developed and validated for the purposes of this study. 

Immunogenicity analyses were performed on the Immunogenicity analysis set. Three 

immunogenicity data sets were acquired for the study: antidrug antibodies (ADAs) to 

the transgenic product (REP1), anti-AAV2 neutralizing antibodies (NAbs; a bioassay 

that measures the ability of NAbs in the participant sample to inhibit viral 

transduction of target cells), and enzyme-linked immunospot (ELISpot). 

Antibody responses against the capsid and transgene product and capsid were 

assessed by a cell-based neutralization assay and an enzyme-linked immunosorbent 

assay (ELISA), respectively. Samples with a numeric titer were considered positive. 

ELISpot assays were used to assess T-cell-mediated immune responses to the 

transgene product (REP1) and the capsid. Three peptide pools derived from REP1 

protein (REP1 Pool 1, REP1 Pool 2, and REP1 Pool 3) and AAV2 capsid were used 

to test peripheral blood mononuclear cells (PBMCs) collected at each visit from each 

participant. The results from all four stimuli were combined and used to evaluate the 

T-cell response to AAV2-REP1; the three REP1 pools were used to evaluate the 

immune response to the therapeutic gene product, and the AAV2 pool was used to 

evaluate the immune response to the adeno-associated virus vector. A participant 

was considered to have a positive result to the overall timrepigene emparvovec 



treatment if any of the four analytes were positive. Samples with spot counts three-

fold of control presented as positive. 

Serum NAb analysis was performed by Genosafe, France. ELISpot assays were 

processed by Q Squared Solutions LLC, USA and Cellular Technology Limited 

(CTL), USA. 



Supplementary Figure S1. Participant disposition. Overall, 66 participants 

received the study drug (All Participants population). Percentages for each 

reason for early termination are based on the number of participants who 

terminated early in the corresponding period. *The one participant who died 

completed suicide, which was not related to the study drug or study 

procedure. †The four participants who withdrew because of SAEs reported 

seven events, of which four were related to the study procedure (retinal 

detachment, VA reduced [two participants], and choroidal neovascularization), 

and three were related to the study drug and study procedure (noninfective 

retinitis, VA reduced, and unilateral blindness). IST, investigator-sponsored 

trial; NA, not applicable; SAE, serious treatment-related adverse event; VA, 

visual acuity. 

 



 

 



Supplementary Figure S2. Heatmaps showing NAb titer (Log2 NAb titer) per 

participant and per visit for (A) all participants in the Immunogenicity 

population, including participants from ISTs; those without or with preexisting 

NAb in (B, C) Period 1 and (E, F) Period 2; retinal inflammation TEAEs by 

preexisting NAb status for (D) Period 1 and (G) Period 2. Events with the 

following preferred terms were considered to be related to retinal 

inflammation: chorioretinitis, choroiditis, cystoid macular edema, eye 

inflammation, noninfective chorioretinitis, noninfective retinitis, retinal edema, 

retinitis, vitreal cells, vitritis. BL, baseline; D, day; ET, early termination; M, 

month; NAb, neutralizing antibody; P, period; Scr, screening; TEAE, treatment-

emergent adverse event. 



  

 



SUPPLEMENTARY TABLE S1. Post-hoc analyses of BCVA loss of ≥15 letters versus baseline characteristics. 

 With BCVA loss ≥15 
ETDRS letters at Month 
12 

Without BCVA loss ≥15 
ETDRS letters at Month 
12 

All participants p-value* comparing 
participants with BCVA 
loss ≥15 ETDRS letters 
at Month 12 versus 
those without 

Study Eye 1 continuous variables 

N 4 49 53  

Baseline central horizontal EZ width, (μm) 

n 

Mean (SD) 

4 

1481.5 (744.3) 

40 

2280.9 (1392.3) 

44 

2208.2 (1360.4) 0.2752 

Baseline foveal subfield thickness (μm) 

n 

Mean (SD) 

4 

256.8 (59.3) 

49 

279.6 (51.1) 

53 

277.9 (51.5) 0.3959 

Baseline total area of FAF (mm2) 

n 

Mean (SD) 

4 

5.8 (4.3) 

48 

12.8 (13.3) 

52 

12.3 (13.0) 0.2930 

Baseline distance from the FC to the 
nearest border of FAF (mm) 

n 

Mean (SD) 

4 

326.3 (454.7) 

49 

625.0 (814.7) 

53 

602.5 (794.4) 0.4688 

Baseline BCVA 

n 

Mean (SD) 

4 

71.0 (11.2) 

49 

77.4 (9.4) 

53 

76.9 (9.5) 0.2224 



 With BCVA loss ≥15 
ETDRS letters at Month 
12 

Without BCVA loss ≥15 
ETDRS letters at Month 
12 

All participants p-value* comparing 
participants with BCVA 
loss ≥15 ETDRS letters 
at Month 12 versus 
those without 

Baseline age (years) 

n 

Mean (SD) 

4 

47.0 (10.9) 

49 

32.6 (10.8) 

53 

33.7 (11.4) 0.0331 

Study Eye 1 categorical variables 

N 4 49 53  

Baseline fixation stability, n (%) 

n 

Relatively unstable/unstable 

Stable 

4 

1 (25) 

3 (75) 

49 

5 (10) 

44 (90) 

53 

6 (11) 

47 (89) 0.3909 

Baseline location of retinal atrophy in 
relation to FC, n (%) 

Non-subfoveal 

Subfoveal 

4 

3 (75) 

1 (25) 

49 

38 (78) 

11 (22) 

53 

41 (77) 

12 (23) 1.0000 

Age categories, n (%) 

n 

<50 years 

≥50 years 

4 

2 (50) 

2 (50) 

49 

45 (92) 

4 (8) 

53 

47 (89) 

6 (11) 0.0586 

Baseline BCVA categories, n (%) 

n 

<80 letters 

≥80 letters 

4 

3 (75) 

1 (25) 

49 

26 (53) 

23 (47) 

53 

29 (55) 

24 (45) 0.6173 



 With BCVA loss ≥15 
ETDRS letters at Month 
12 

Without BCVA loss ≥15 
ETDRS letters at Month 
12 

All participants p-value* comparing 
participants with BCVA 
loss ≥15 ETDRS letters 
at Month 12 versus 
those without 

Study Eye 2 continuous variables 

N 3 50 53  

Baseline central horizontal EZ width (μm) 

n 

Mean (SD) 

3 

991.7 (507.3) 

42 

2066.7 (1100.6) 

45 

1995.0 (1101.8) 0.1338 

Baseline foveal subfield thickness (μm) 

n 

Mean (SD) 

3 

244.0 (51.8) 

50 

278.6 (43.2) 

53 

276.7 (43.9) 0.1973 

Baseline total area of FAF (mm2) 

n 

Mean (SD) 

3 

2.3 (1.8) 

49 

11.4 (12.8) 

52 

10.9 (12.6) 0.1526 

Baseline distance from the FC to the 
nearest border of FAF (mm) 

n 

Mean (SD) 

3 

168.0 (373.7) 

50 

618.6 (758.6) 

53 

593.1 (747.5) 0.3044 

Baseline BCVA 

n 

Mean (SD) 

3 

76.3 (6.1) 

50 

83.8 (4.7) 

53 

83.4 (5.1) 0.0351 



 With BCVA loss ≥15 
ETDRS letters at Month 
12 

Without BCVA loss ≥15 
ETDRS letters at Month 
12 

All participants p-value* comparing 
participants with BCVA 
loss ≥15 ETDRS letters 
at Month 12 versus 
those without 

Baseline age (years) 

n 

Mean (SD) 

3 

46.7 (12.3) 

50 

34.4 (12.9) 

53 

35.1 (13.1) 0.1402 

Study Eye 2 categorical variables 

N 3 50 53  

Baseline fixation stability, n (%) 

n 

Relatively unstable/unstable 

Stable 

3 

1 (33) 

2 (67) 

50 

1 (2) 

49 (98) 

53 

2 (4) 

51 (96) 0.1110 

Baseline location of retinal atrophy in 
relation to FC, n (%) 

Non-subfoveal 

Subfoveal 

3 

1 (33) 

2 (67) 

50 

40 (80) 

10 (20) 

53 

41 (77) 

12 (23) 0.1249 

Age categories, n (%) 

n 

<50 years 

≥50 years 

 

3 

1 (33) 

2 (67) 

 

50 

42 (84) 

8 (16) 

 

53 

43 (81) 

10 (19) 

 

 

 

0.0877 

Baseline BCVA categories, n (%) 

n 

<80 letters 

≥80 letters 

3 

2 (67) 

1 (33) 

50 

10 (20) 

40 (80) 

53 

12 (23) 

41 (77) 0.1249 



 With BCVA loss ≥15 
ETDRS letters at Month 
12 

Without BCVA loss ≥15 
ETDRS letters at Month 
12 

All participants p-value* comparing 
participants with BCVA 
loss ≥15 ETDRS letters 
at Month 12 versus 
those without 

Combined eyes for retinal inflammation 
TEAEs 

N 6 57 63  

With retinal inflammation TEAEs†, n (%) 

n 

No 

Yes 

6 

2 (33) 

4 (67) 

57 

31 (54) 

26 (46) 

63 

33 (52) 

30 (48) 0.4120 

Bold p-values indicate a potential association with BCVA loss ≥15 ETDRS letters at Month 12. 

*p-values were obtained using a logistic regression model for continuous variables (central horizontal EZ width, foveal subfield thickness, total area of FAF, 

distance from the FC to the nearest border of FAF, BCVA, and age) and using Fisher’s exact test for categorical variables (fixation stability, location of retinal 

atrophy in relation to FC, age categories, BCVA categories, and retinal inflammation TEAEs).  

†Events with the following preferred terms were considered to be related to retinal inflammation: chorioretinitis, choroiditis, cystoid macular edema, eye 

inflammation, noninfective chorioretinitis, noninfective retinitis, retinal edema, retinitis, vitreal cells, vitritis. 

BCVA = best-corrected visual acuity; ETDRS = Early Treatment of Diabetic Retinopathy Study; EZ = ellipsoid zone; FAF = fundus autofluorescence; FC = 

foveal center; SD = standard deviation; TEAE = treatment-emergent adverse event. 

 



SUPPLEMENTARY TABLE S2. TEAEs reported by intra-surgery window* (Period 1 and Period 2 combined). 

 Short (<6 months) 

(N = 19) 

n (%) E 

Medium (6–12 months) 

(N = 19) 

n (%) E 

Long (>12 months) 

(N = 12) 

n (%) E 

All participants 

(N = 50) 

n (%) E 

Any TEAE 19 (100) 225 19 (100) 220 12 (100) 139 50 (100) 584 

Any ocular TEAE 19 (100) 192 19 (100) 171 12 (100) 132 50 (100) 495 

Any serious TEAE 4 (21.1) 6 6 (31.6) 10 2 (16.7) 5 12 (24.0) 21 

Any serious ocular TEAE 3 (15.8) 5 4 (21.1) 6 2 (16.7) 5 9 (18.0) 16 

TEAE severity     

Mild 7 (36.8) 191 6 (31.6) 184 8 (66.7) 121 21 (42.0) 496 

Moderate 11 (57.9) 33 9 (47.4) 29 3 (25.0) 16 23 (46.0) 78 

Severe 1 (5.3) 1 4 (21.1) 7 1 (8.3) 2 6 (12.0) 10 

Ocular TEAE plausible relationship     

Related to study drug 6 (31.6) 14 5 (26.3) 13 4 (33.3) 14 15 (30.0) 41 

Related to study procedure 19 (100) 174 19 (100) 138 12 (100) 122 50 (100) 434 

TEAE outcome     

Not recovered / not resolved 10 (52.6) 25 5 (26.3) 21 6 (50.0) 22 21 (42.0) 68 

Recovered/resolved 8 (42.1) 194 10 (52.6) 187 6 (50.0) 114 24 (48.0) 495 

TEAEs reported by participants who 
discontinued because of an SAE 

0 0 0 0 

TEAEs leading to death 0 1 (5.3) 1 0 1 (2.0) 1 

*The analysis by intra-surgery window included only participants who received timrepigene emparvovec in both eyes. 

E = number of events; n = number of participants; SAE = serious adverse event; TEAE = treatment-emergent adverse event. 



SUPPLEMENTARY TABLE S3. Most frequently reported ocular TEAEs (in ≥10% of participants). 

Preferred term Period 1 

N = 60 

n (%) E 

Period 2 

N = 56 

n (%) E 

All participants 

N = 66 

n (%) E 

Study Eye 1 Study Eye 2 Study Eye 1 Study Eye 2 Study Eye 1 Study Eye 2 

Conjunctival hemorrhage 38 (63.3) 38 0 0 36 (64.3) 38 38 (57.6) 38 36 (54.5) 38 

Anterior chamber cell 29 (48.3) 35 0 2 (3.6) 2 32 (57.1) 35 29 (43.9) 37 32 (48.5) 35 

VA reduced* 14 (23.3) 14 0 1 (1.8) 2 8 (14.3) 8 15 (22.7) 16 8 (12.1) 8 

Eye pain 9 (15.0) 10 0 0 10 (17.9) 12 9 (13.6) 10 10 (15.2) 12 

Foreign body sensation in eyes 10 (16.7) 11 1 (1.7) 1 0 10 (17.9) 10 10 (15.2) 11 11 (16.7) 11 

Conjunctival hyperemia 11 (18.3) 11 0 1 (1.8) 1 6 (10.7) 8 12 (18.2) 12 6 (9.1) 8 

Eye irritation 8 (13.3) 9 0 0 9 (16.1) 9 8 (12.1) 9 9 (13.6) 9 

IOP increased 6 (10.0) 7 1 (1.7) 1 5 (8.9) 6 7 (12.5) 9 11 (16.7) 13 7 (10.6) 10 

Vitreal cells 7 (11.7) 7 1 (1.7) 1 0 4 (7.1) 4 7 (10.6) 7 5 (7.6) 5 

Vitritis 7 (11.7) 8 2 (3.3) 2 4 (7.1) 5 8 (14.3) 12 7 (10.6) 13 10 (15.2) 14 

Ocular discomfort 3 (5.0) 3 1 (1.7) 1 2 (3.6) 2 7 (12.5) 7 5 (7.6) 5 8 (12.1) 8 

Visual impairment† 9 (15.0) 9 1 (1.7) 1 1 (1.8) 1 4 (7.1) 4 9 (13.6) 10 5 (7.6) 5 

Conjunctival edema 6 (10.0) 6 0 0 3 (5.4) 3 6 (9.1) 6 3 (4.5) 3 

Vision blurred 4 (6.7) 4 0 2 (3.6) 2 6 (10.7) 6 6 (9.1) 6 6 (9.1) 6 

Anterior chamber flare 5 (8.3) 5 0 0 4 (7.1) 4 5 (7.6) 5 4 (6.1) 4 

Dry eyes 2 (3.3) 2 1 (1.7) 1 5 (8.9) 5 5 (8.9) 5 7 (10.6) 7 6 (9.1) 6 

*The BCVA cut-off and time course criteria for nonserious ‘VA reduced’ events was at the Investigator’s discretion. Nonserious ‘VA reduced’ events were those 

that did not meet any of the following criteria for serious ‘VA reduced’: 



 Surgery-related BCVA decrease of ≥15 ETDRS letters occurring within 1 day of surgery that did not recover (defined as returning to baseline BCVA 

within 5 ETDRS letters) by Month 1 

 A decrease in BCVA of ≥15 ETDRS letters occurring within 1 day of surgery that, in the Investigator’s opinion: had an evolution not consistent with the 

expected postoperative course; may have been attributable to a complication that occurred during surgery, or another untoward event, or the study 

drug; actually or potentially required any surgical or medical intervention to prevent permanent loss of vision 

 Non-surgery-related, sustained (>48 hours’ duration) decrease from baseline in BCVA of ≥15 ETDRS letters 

†Any impairment in vision could be reported with ‘Visual impairment’ as the preferred term; there was no specific definition for ‘Visual impairment’ in the 

protocol. 

BCVA = best-corrected visual acuity; E = number of events; ETDRS = Early Treatment of Diabetic Retinopathy Study; IOP = intraocular pressure; n = number 

of participants; TEAE = treatment-emergent adverse event; VA = visual acuity. 

 



SUPPLEMENTARY TABLE S4. Ocular SAEs leading to study discontinuation. 

Preferred term Period 1 

N = 60 

n (%) E 

Period 2 

N = 56 

n (%) E 

All participants 

N = 66 

n (%) E 

Study Eye 1 Study Eye 2 Study Eye 1 Study Eye 2 Study Eye 1 Study Eye 2 

Ocular SAEs considered related to study procedure 

VA reduced* 2 (3.3) 2 0 0 0 2 (3.0) 2 0 

Choroidal neovascularization 1 (1.7) 1 0 0 0 1 (1.5) 1 0 

Retinal detachment 1 (1.7) 1 0 0 0 1 (1.5) 1 0 

Ocular SAEs considered related to study drug and study procedure 

VA reduced* 1 (1.7) 1 0 0 0 1 (1.5) 1 0 

Noninfective retinitis† 1 (1.7) 1 0 0 0 1 (1.5) 1 0 

Blindness unilateral‡ 1 (1.7) 1 0 0 0 1 (1.5) 1 0 

*The following events were reported as a ‘VA reduced’ SAE: 

 Surgery-related BCVA decrease of ≥15 ETDRS letters occurring within 1 day of surgery that did not recover (defined as returning to baseline BCVA 

within 5 ETDRS letters) by Month 1 

 A decrease in BCVA of ≥15 ETDRS letters occurring within 1 day of surgery that, in the Investigator’s opinion: had an evolution not consistent with the 

expected postoperative course; may have been attributable to a complication that occurred during surgery, or another untoward event, or the study 

drug; actually or potentially required any surgical or medical intervention to prevent permanent loss of vision 

 Non-surgery-related, sustained (>48 hours’ duration) decrease from baseline in BCVA of ≥15 ETDRS letters 

†Noninfective retinitis was considered a retinal inflammation SAE. 



‡Blindness unilateral’ is a MedDRA preferred term for reduced-VA-related TEAEs and was reported in participants who had no pre-existing blindness at 

baseline. 

BCVA = best-corrected visual acuity; E = number of events; ETDRS = Early Treatment of Diabetic Retinopathy Study; MedDRA = Medical Dictionary for 

Regulatory Activities; n = number of participants; SAE = serious adverse event; TEAE = treatment-emergent adverse event; VA = visual acuity. 

 



SUPPLEMENTARY TABLE S5. All SAEs by study period. 

Preferred term Period 1 

N = 60 

n (%) E 

Period 2 

N = 56 

n (%) E 

All participants 

N = 66 

n (%) E 

Study Eye 1 Study Eye 2 Study Eye 1 Study Eye 2 Study Eye 1 Study Eye 2 

Ocular SAEs 

VA reduced* 10 (16.7) 10 0 1 (1.8) 2 5 (8.9) 5 11 (16.7) 12 5 (7.6) 5 

Noninfective retinitis 2 (3.3) 2 0 0 0 2 (3.0) 2 0 

Blindness unilateral† 1 (1.7) 1 0 0 0 1 (1.5) 1 0 

Choroidal 
neovascularization‡ 

1 (1.7) 1 0 0 0 1 (1.5) 1 0 

Eye inflammation 1 (1.7) 1 0 0 0 1 (1.5) 1 0 

Macular hole‡ 0 0 0 1 (1.8) 1 0 1 (1.5) 1 

Retinal degeneration 0 0 0 1 (1.8) 1 0 1 (1.5) 1 

Retinal detachment‡ 1 (1.7) 1 0 0 0 1 (1.5) 1 0 

Tractional retinal 
detachment‡ 

0 0 0 1 (1.8) 1 0 1 (1.5) 1 

Vitreous hemorrhage‡ 1 (1.7) 1 0 0 0 1 (1.5) 1 0 

Nonocular SAEs 

Appendicitis 0 1 (1.8) 1 1 (1.5) 1 

COVID-19 pneumonia 0 1 (1.8) 1 1 (1.5) 1 

Completed suicide 0 1 (1.8) 1 1 (1.5) 1 

Depression 0 1 (1.8) 1 1 (1.5) 1 

Pulmonary embolism 1 (1.7) 1 0 1 (1.5) 1 



*The following events were reported as a ‘VA reduced’ SAE: 

 Surgery-related BCVA decrease of ≥15 ETDRS letters occurring within 1 day of surgery that did not recover (defined as returning to baseline BCVA 

within 5 ETDRS letters) by Month 1 

 A decrease in BCVA of ≥15 ETDRS letters occurring within 1 day of surgery that, in the Investigator’s opinion: had an evolution not consistent with the 

expected postoperative course; may have been attributable to a complication that occurred during surgery, or another untoward event, or the study 

drug; actually or potentially required any surgical or medical intervention to prevent permanent loss of vision 

 Non-surgery-related, sustained (>48 hours’ duration) decrease from baseline in BCVA of ≥15 ETDRS letters 

†Blindness unilateral’ is a MedDRA preferred term for reduced-VA-related TEAEs and was reported in participants who had no pre-existing blindness at 

baseline. 

‡SAEs related to procedural complications. 

BCVA = best-corrected visual acuity; E = number of events; ETDRS = Early Treatment of Diabetic Retinopathy Study; MedDRA = Medical Dictionary for 

Regulatory Activities; n = number of participants; SAE = serious adverse event; TEAE = treatment-emergent adverse event; VA = visual acuity. 

 



SUPPLEMENTARY TABLE S6. Ocular-inflammation-related TEAEs and SAEs.* 

Preferred term Period 1 

N = 60 

n (%) E 

Period 2 

N = 56 

n (%) E 

All participants 

N = 66 

n (%) E 

Any ocular-inflammation-related TEAE 

Study Eye 1 

Study Eye 2 

33 (55.0) 59 

33 (55.0) 56 

3 (5.0) 3 

33 (58.9) 64 

7 (12.5) 9 

33 (58.9) 55 

44 (66.7) 123 

33 (50.0) 65 

35 (53.0) 58 

Eye disorders 

Study Eye 1 

Study Eye 2 

33 (55.0) 58 

33 (55.0) 55 

3 (5.0) 3 

33 (58.9) 64 

7 (12.5) 9 

33 (58.9) 55 

44 (66.7) 122 

33 (50.0) 64 

35 (53.0) 58 

Anterior chamber cell 

Study Eye 1 

Study Eye 2 

29 (48.3) 35 

29 (48.3) 35 

0 

32 (57.1) 37 

2 (3.6) 2 

32 (57.1) 35 

40 (60.6) 72 

29 (43.9) 37 

32 (48.5) 35 

Vitritis 

Study Eye 1 

Study Eye 2 

7 (11.7) 10 

7 (11.7) 8 

2 (3.3) 2 

8 (14.3) 17 

4 (7.1) 5 

8 (14.3) 12 

11 (16.7) 27 

7 (10.6) 13 

10 (15.2) 14 

Anterior chamber flare 

Study Eye 1 

Study Eye 2 

5 (8.3) 5 

5 (8.3) 5 

0 

4 (7.1) 4 

0 

4 (7.1) 4 

8 (12.1) 9 

5 (7.6) 5 

4 (6.1) 4 

Cystoid macular edema 

Study Eye 1 

Study Eye 2 

1 (1.7) 2 

1 (1.7) 1 

1 (1.7) 1 

4 (7.1) 5 

2 (3.6) 2 

3 (5.4) 3 

5 (7.6) 7 

3 (4.5) 3 

4 (6.1) 4 

Eye inflammation 2 (3.3) 2 0 2 (3.0) 2 



Study Eye 1 

Study Eye 2 

2 (3.3) 2 

0 

0 

0 

2 (3.0) 2 

0 

Noninfective retinitis 

Study Eye 1 

Study Eye 2 

2 (3.3) 2 

2 (3.3) 2 

0 

0 

0 

0 

2 (3.0) 2 

2 (3.0) 2 

0 

Retinal edema 

Study Eye 1 

Study Eye 2 

1 (1.7) 1 

1 (1.7) 1 

0 

1 (1.8) 1 

0 

1 (1.8) 1 

2 (3.0) 2 

1 (1.5) 1 

1 (1.5) 1 

Macular edema 

Study Eye 1 

Study Eye 2 

1 (1.7) 1 

1 (1.7) 1 

0 

0 

0 

0 

1 (1.5) 1 

1 (1.5) 1 

0 

Infections and infestations 

Study Eye 1 

Study Eye 2 

1 (1.7) 1 

1 (1.7) 1 

0 

0 

0 

0 

1 (1.5) 1 

1 (1.5) 1 

0 

Hypopyon 

Study Eye 1 

Study Eye 2 

1 (1.7) 1 

1 (1.7) 1 

0 

0 

0 

0 

1 (1.5) 1 

1 (1.5) 1 

0 

Ocular-inflammation-related SAEs    

Eye inflammation 

Study Eye 1 

Study Eye 2 

1 (1.7) 1 

1 (1.7) 1 

0 

0 

0 

0 

1 (1.5) 1 

1 (1.5) 1 

0 

Noninfective retinitis 

Study Eye 1 

2 (3.3) 2 

2 (3.3) 2 

0 

0 

2 (3.0) 2 

2 (3.0) 2 



Study Eye 2 0 0 0 

*Events with the following preferred terms were considered to be related to ocular inflammation: anterior chamber cell, anterior chamber fibrin, anterior 

chamber flare, anterior chamber inflammation, aqueous fibrin, autoimmune eye disorder, birdshot chorioretinopathy, chorioretinitis, choroiditis, cystoid 

macular edema, endophthalmitis, eye inflammation, hypopyon, immune-mediated uveitis, macular edema, necrotizing retinitis, noninfectious endophthalmitis, 

noninfective chorioretinitis, noninfective retinitis, ocular vasculitis, optic neuritis, panophthalmitis, retinal edema, retinal vasculitis, retinitis, sympathetic 

ophthalmia, toxic anterior segment syndrome, uveitis, uveitis-glaucoma-hyphema syndrome, and vitritis. 

E = number of events; n = number of participants; SAE = serious adverse event; TEAE = treatment-emergent adverse event. 

 



SUPPLEMENTARY TABLE S7. VA-reduced-related TEAEs and SAEs.* 

Preferred term Period 1 

N = 60 

n (%) E 

Period 2 

N = 56 

n (%) E 

All participants 

N = 66 

n (%) E 

Any VA-reduced-related TEAE 

Study Eye 1 

Study Eye 2 

25 (41.7) 39 

25 (41.7) 38 

1 (1.7) 1 

22 (39.3) 44 

7 (12.5) 10 

22 (39.3) 34 

38 (57.6) 83 

28 (42.4) 48 

22 (33.3) 35 

Eye disorders 

Study Eye 1 

Study Eye 2 

25 (41.7) 39 

25 (41.7) 38 

1 (1.7) 1 

22 (39.3) 44 

7 (12.5) 10 

22 (39.3) 34 

38 (57.6) 83 

28 (42.4) 48 

22 (33.3) 35 

VA reduced 

Study Eye 1 

Study Eye 2 

14 (23.3) 14 

14 (23.3) 14 

0 

9 (16.1) 10 

1 (1.8) 2 

8 (14.3) 8 

20 (30.3) 24 

15 (22.7) 16 

8 (12.1) 8 

Visual impairment 

Study Eye 1 

Study Eye 2 

9 (15.0) 10 

9 (15.0) 9 

1 (1.7) 1 

4 (7.1) 5 

1 (1.8) 1 

4 (7.1) 4 

10 (15.2) 15 

9 (13.6) 10 

5 (7.6) 5 

Vision blurred 

Study Eye 1 

Study Eye 2 

4 (6.7) 4 

4 (6.7) 4 

0 

6 (10.7) 8 

2 (3.6) 2 

6 (10.7) 6 

9 (13.6) 12 

6 (9.1) 6 

6 (9.1) 6 

Metamorphopsia 

Study Eye 1 

Study Eye 2 

2 (3.3) 2 

2 (3.3) 2 

0 

5 (8.9) 6 

1 (1.8) 1 

5 (8.9) 5 

6 (9.1) 8 

2 (3.0) 3 

5 (7.6) 5 

Photopsia 1 (1.7) 4 6 (10.7) 10 6 (9.1) 14 



Study Eye 1 

Study Eye 2 

1 (1.7) 4 

0 

3 (5.4) 3 

6 (10.7) 7 

4 (6.1) 7 

6 (9.1) 7 

Glare 

Study Eye 1 

Study Eye 2 

1 (1.7) 2 

1 (1.7) 2 

0 

2 (3.6) 2 

0 

2 (3.6) 2 

2 (3.0) 4 

1 (1.5) 2 

2 (3.0) 2 

Visual field defect 

Study Eye 1 

Study Eye 2 

1 (1.7) 1 

1 (1.7) 1 

0 

1(1.8) 2 

1 (1.8) 1 

1 (1.8) 1 

2 (3.0) 3 

2 (3.0) 2 

1 (1.5) 1 

Blindness unilateral 

Study Eye 1 

Study Eye 2 

1 (1.7) 1 

1 (1.7) 1 

0 

0 

0 

0 

1 (1.5) 1 

1 (1.5) 1 

0 

Foveal degeneration 

Study Eye 1 

Study Eye 2 

0 

0 

0 

1 (1.8) 1 

0 

1 (1.8) 1 

1 (1.5) 1 

0 

1 (1.5) 1 

Visual brightness 

Study Eye 1 

Study Eye 2 

1 (1.7) 1 

1 (1.7) 1 

0 

0 

0 

0 

1 (1.5) 1 

1 (1.5) 1 

0 

VA-reduced-related SAEs    

VA reduced 

Study Eye 1 

Study Eye 2 

10 (16.7) 10 

10 (16.7) 10 

0 

6 (10.7) 7 

1 (1.8) 2 

5 (8.9) 5 

15 (22.7) 17 

11 (16.7) 12 

5 (7.6) 5 

Blindness unilateral 

Study Eye 1 

1 (1.7) 1 

1 (1.7) 1 

0 

0 

1 (1.5) 1 

1 (1.5) 1 



Study Eye 2 0 0 0 

*Events with the following preferred terms were considered to be related to reduction in VA: altered visual depth perception, amaurosis, amaurosis fugax, 

blindness, blindness day, blindness transient, blindness unilateral, central vision loss, Charles Bonnet syndrome, chloropsia, chromatopsia, color blindness, 

color blindness acquired, cyanopsia, delayed dark adaptation, delayed light adaptation, diplopia, eccentric fixation, erythropsia, foveal degeneration, glare, 

halo vision, loss of visual contrast sensitivity, low luminance best-corrected VA decreased, metamorphopsia, night blindness, photopsia, sudden visual loss, 

tunnel vision, vision blurred, VA reduced, VA reduced transiently, visual brightness, visual field defect, visual impairment, and xanthopsia. 

E = number of events; n = number of participants; SAE = serious adverse event; TEAE = treatment-emergent adverse event; VA = visual acuity. 

 



SUPPLEMENTARY TABLE S8. Retinal-inflammation-related TEAEs and SAEs. 

Preferred term Period 1 

N = 60 

n (%) E 

Period 2 

N = 56 

n (%) E 

All participants 

N = 66 

n (%) E 

Any retinal-inflammation-related TEAE 

Study Eye 1 

Study Eye 2 

18 (30.0) 25 

18 (30.0) 21 

4 (6.7) 4 

17 (30.4) 27 

6 (10.7) 7 

16 (28.6) 20 

30 (45.5) 52 

20 (30.3) 28 

20 (30.3) 24 

Cystoid macular edema 

Study Eye 1 

Study Eye 2 

1 (1.7) 2 

1 (1.7) 1 

1 (1.7) 1 

4 (7.1) 5 

2 (3.6) 2 

3 (5.4) 3 

5 (7.6) 7 

3 (4.5) 3 

4 (6.1) 4 

Eye inflammation 

Study Eye 1 

Study Eye 2 

2 (3.3) 2 

2 (3.3) 2 

0 

0 

0 

0 

2 (3.0) 2 

2 (3.0) 2 

0 

Noninfective retinitis 

Study Eye 1 

Study Eye 2 

2 (3.3) 2 

2 (3.3) 2 

0 

0 

0 

0 

2 (3.0) 2 

2 (3.0) 2 

0 

Retinal edema 

Study Eye 1 

Study Eye 2 

1 (1.7) 1 

1 (1.7) 1 

0 

1 (1.8) 1 

0 

1 (1.8) 1 

2 (3.0) 2 

1 (1.5) 1 

1 (1.5) 1 

Vitreal cells 

Study Eye 1 

Study Eye 2 

7 (11.7) 8 

7 (11.7) 7 

1 (1.7) 1 

4 (7.1) 4 

0 

4 (7.1) 4 

11 (16.7) 12 

7 (10.6) 7 

5 (7.6) 5 

Vitritis 7 (11.7) 10 8 (14.3) 17 11 (16.7) 27 



Study Eye 1 

Study Eye 2 

7 (11.7) 8 

2 (3.3) 2 

4 (7.1) 5 

8 (14.3) 12 

7 (10.6) 13 

10 (15.2) 14 

Any retinal-inflammation-related SAE 

Study Eye 1 

Study Eye 2 

3 (5.0) 3 

3 (5.0) 3 

0 

0 

0 

0 

3 (4.5) 3 

3 (4.5) 3 

0 

Eye inflammation 

Study Eye 1 

Study Eye 2 

1 (1.7) 1 

1 (1.7) 1 

0 

0 

0 

0 

1 (1.5) 1 

1 (1.5) 1 

0 

Noninfective retinitis 

Study Eye 1 

Study Eye 2 

2 (3.3) 2 

2 (3.3) 2 

0 

0 

0 

0 

2 (3.0) 2 

2 (3.0) 2 

0 

*Events with the following preferred terms were considered to be related to retinal inflammation: chorioretinitis, choroiditis, cystoid macular edema, eye 

inflammation, noninfective chorioretinitis, noninfective retinitis, retinal edema, retinitis, vitreal cells, vitritis.  

E = number of events; n, number of participants; SAE = serious adverse event; TEAE = treatment-emergent adverse event. 
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