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(fluocinolone acetonide
intravitreal implant) 018 mg

Discover continuous
“Eam  calm in uveitis'

YUTIQ is designed to deliver a sustained release of fluocinolone for up to 36 months
for patients with chronic non-infectious uveitis affecting the posterior segment of the eye'

+ Proven to reduce uveitis recurrence at 6 and 12 months'*
At 6 months-18% for YUTIQ and 79% for sham for Study 1 and 22% for YUTIQ and 54%
for sham for Study 2 (P<.01). At 12 months—-28% for YUTIQ and 86% for sham for Study 1 and 33%
for YUTIQ and 60% for sham for Study 2.

Extended median time to first recurrence of uveitis’? For more
At 12 months—-NE' for YUTIQ/92 days for sham in Study 1; information, visit
NE for YUTIQ/187 days for sham in Study 2.

Mean intraocular pressure (IOP) increase was comparable to sham'?
Study was not sized to detect statistically significant differences in mean IOP.

*Study design: The efficacy of YUTIQ was assessed in 2 randomized, multicenter, sham-controlled,
double-masked, Phase 3 studies in adult patients (N=282) with non-infectious uveitis affecting the posterior
segment of the eye. The primary endpoint in both studies was the proportion of patients who experienced
recurrence of uveitis in the study eye within 6 months of follow-up; recurrence was also assessed at
12 months. Recurrence was defined as either deterioration in visual acuity, vitreous haze attributable to
non-infectious uveitis, or the need for rescue medications.

*NE=non-evaluable due to the low number of recurrences in the YUTIQ group.

INDICATIONS AND USAGE

YUTIQ® (fluocinolone acetonide intravitreal implant) 0.18 mg is indicated for the treatment of chronic non-infectious
uveitis affecting the posterior segment of the eye.

IMPORTANT SAFETY INFORMATION

CONTRAINDICATIONS

Ocular or Periocular Infections: YUTIQ is contraindicated in patients with active or suspected ocular or

periocular infections including most viral disease of the cornea and conjunctiva including active epithelial
herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, mycobacterial infections and fungal diseases.

Hypersensitivity: YUTIQ is contraindicated in patients with known hypersensitivity to any components

of this product.

WARNINGS AND PRECAUTIONS

Intravitreal Injection-related Effects: Intravitreal injections, including those with YUTIQ, have been associated
with endophthalmitis, eye inflammation, increased or decreased intraocular pressure, and choroidal or retinal

detachments. Hypotony has been observed within 24 hours of injection and has resolved within 2 weeks.
Patients should be monitored following the intravitreal injection.

Steroid-related Effects: Use of corticosteroids including YUTIQ may produce posterior subcapsular cataracts,
increased intraocular pressure and glaucoma. Use of corticosteroids may enhance the establishment of secondary
ocular infections due to bacteria, fungi, or viruses. Corticosteroids are not recommended to be used in patients
with a history of ocular herpes simplex because of the potential for reactivation of the viral infection.

Risk of Implant Migration: Patients in whom the posterior capsule of the lens is absent or has a tear are at risk of
implant migration into the anterior chamber.

ADVERSE REACTIONS

In controlled studies, the most common adverse reactions reported were cataract development and increases
in intraocular pressure.

Please see brief summary of full Prescribing Information on adjacent page.

References: 1. YUTIQ® (fluocinolone acetonide intravitreal implant) 0.18 mg full US Prescribing Information. EyePoint Pharmaceuticals, Inc.
February 2022. 2. Data on file.

E P o YUTIQ, the YUTIQ logo, and the EyePoint logo are registered trademarks of EyePoint Pharmaceuticals, Inc.
YE OI NT ©2023 EyePoint Pharmaceuticals, Inc. All rights reserved. 02/2023
PHARMACEUTICALS 480 Pleasant Street, Suite B300, Watertown, MA 02472 US-YUT-2300016




YUTIQ® (fluocinolone acetonide intravitreal implant) 0.18 mg,
for intravitreal injection
Initial U.S. Approval: 1963

BRIEF SUMMARY: Please see package insert for full prescribing information.

1. INDICATIONS AND USAGE. YUTIQ® (fluocinolone acetonide intravitreal implant)
0.18 mg is indicated for the treatment of chronic non-infectious uveitis affecting
the posterior segment of the eye.

4. CONTRAINDICATIONS. 4.1. Ocular or Periocular Infections. YUTIQ is contra-
indicated in patients with active or suspected ocular or periocular infections includ-
ing most viral disease of the cornea and conjunctiva including active epithelial
herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, mycobacterial infec-
tions and fungal diseases. 4.2. Hypersensitivity. YUTIQ i contraindicated in
patients with known hypersensitivity to any components of this product.

5. WARNINGS AND PRECAUTIONS. 5.1. Intravitreal Injection-related Effects.
Intravitreal injections, including those with YUTIQ, have been associated with
endophthalmitis, eye inflammation, increased or decreased intraocular pressure,
and choroidal or retinal detachments. Hypotony has been observed within 24 hours
of injection and has resolved within 2 weeks. Patients should be monitored follow-
ing the intravitreal injection ésee Patient Counseling Information (17) in the full
prescribing information]. 5.2. Steroid-related Effects. Use of corticosteroids
including YUTIQ may produce posterior subcapsular cataracts, increased intraocu-
lar pressure and glaucoma. Use of corticosteroids may enhance the establishment
of secondary ocular infections due to bacteria, fungi, or viruses. Corticosteroids are
not recommended to be used in patients with a history of ocular herpes simplex
because of the potential for reactivation of the viral infection. 5.3. Risk of Implant
Migration. Patients in whom the posterior capsule of the lens is absent or has a
tear are at risk of implant migration into the anterior chamber.

6. ADVERSE REACTIONS. 6.1. Clinical Studies Experience. Because clinical trials
are conducted under widely varying conditions, adverse reaction rates observed in
the clinical trials of a drug cannot be directly compared to rates in the clinical trials
of another drug and may not reflect the rates observed in practice. Adverse reac-
tions associated with ophthalmic steroids including YUTIQ include cataract forma-
tion and subsequent cataract surgery, elevated intraocular pressure, which may be
associated with optic nerve damage, visual acuity and field defects, secondary ocu-
lar infection from pathogens including herpes simplex, and perforation of the globe
where there is thinning of the cornea or sclera. Studies 1 and 2 were multicenter,
randomized, sham injection-controlled, masked trials in which patients with non-
infectious uveitis affecting the posterior segment of the eye were treated once with
either YUTIQ or sham injection, and then received standard care for the duration of
the study. Study 3 was a multicenter, randomized, masked trial in which patients
with non-infectious uveitis affecting the posterior segment of the eye were all
treated once with YUTIQ, administered by one of two different applicators, and then
received standard care for the duration of the study. Table 1 summarizes data avail-
able from studies 1, 2 and 3 through 12 months for study eyes treated with YUTIQ
(n=226) or sham injection (n=94). The most common ocular (study eye) and non-
ocular adverse reactions are shown in Table 1 and Table 2.

Table 1:

Ocular Adverse Reactions Reported in > 1% of Subject Eyes and

Non-Ocular Adverse Reactions Reported in > 2% of Patients

Ocular
YUTia Sham Injection
ADVERSE REACTIONS (N=226 Eyes) (N=94 Eyes)
n (%) n (%)
Vitreous Hemorrhage 4( 2%) 0
Iridocyclitis 3( 1%) 7(7%)
Eye Inflammation 3(1%) 2( 2%)
Choroiditis 3( 1%) 1(1%)
Eye Irritation 3( 1%) 1(1%)
Visual Field Defect 3(1%) 0
Lacrimation Increased 3(1%) 0
Non-ocular
YUTIQ Sham Injection
ADVERSE REACTIONS (N=214 Patients) (N=94 Patients)
n (o/u) n (0/0)
Nasopharyngitis 10 ( 5%) 5(5%)
Hypertension 6( 3%) 1(1%)
Arthralgia 5( 2%) 1(1%)

1. Includes cataract, cataract subcapsular and lenticular opacities in study eyes
that were phakic at baseline. 113 of the 226 YUTIQ study eyes were phakic at
baseline; 56 of 94 sham-controlled study eyes were phakic at baseline.

Table 2:  Summary of Elevated IOP Related Adverse Reactions
YUTIQ Sham
ADVERSE REACTIONS (N=226 Eyes) (N=94 Eyes)
n (%) n (%)
|0P elevation = 10 mmH
from Baseline ’ 50 (22%) 11(12%)
|OP elevation > 30 mmHg 28 (12%) 3 (3%)
Any I0P-lowering medication 98 (43%) 39 (41%)
Any surgical intervention
for elevated 10P 5(2%) 2(2%)

Figure 1:
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Table 1:  Ocular Adverse Reactions Reported in > 1% of Subject Eyes and
Non-Ocular Adverse Reactions Reported in > 2% of Patients
Ocular
YUTIQ Sham Injection
ADVERSE REACTIONS (N=226 Eyes) (N=94 Eyes)
n (%) n (%)

Cataract! 63/113 (56%) 13/56 (23%)
Visual Acuity Reduced 33 (15%) 1(12%)
Macular Edema 25 (11%) 33 (35%)
Uveitis 22 (10%) 33 (35%)
Conjunctival Hemorrhage 17 ( 8%) 5(5%)
Eye Pain 17 ( 8%) 12 (13%)
Hypotony Of Eye 16 ( 7%) 1(1%)
Anterior Chamber Inflammation 12 ( 5%) 6( 6%)
Dry Eye 10 ( 4%) 3( 3%)
Vitreous Opacities 9( 4%) 8( 9%)
Conjunctivitis 9( 4%) 5( 5%)
Posterior Capsule Opacification 8 ( 4%) 3(3%)
Ocular Hyperemia 8 ( 4%) 7(7%)
Vitreous Haze 7( 3%) 4( 4%)
Foreign Body Sensation In Eyes 7(3%) 2( 2%)
Vitritis 6 ( 3%) 8 ( 9%)
Vitreous Floaters 6( 3%) 5( 5%)
Eye Pruritus 6( 3%) 5( 5%)
Conjunctival Hyperemia 5( 2%) 2(2%)
Ocular Discomfort 5( 2%) 1( 1%)
Macular Fibrosis 5( 2%) 2(2%)
Glaucoma 4( 2%) 1(1%)
Photopsia 4( 2%) 2( 2%)

(continued)
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8. USE IN SPECIFIC POPULATIONS. 8.1 Pregnancy. Risk Summary. Adequate and
well-controlled studies with YUTIQ have not been conducted in pregnant women to
inform drug associated risk. Animal reproduction studies have not been conducted
with YUTIQ. It is not known whether YUTIQ can cause fetal harm when administered
to a pregnant woman or can affect reproduction capacity. Corticosteroids have been
shown to be teratogenic in laboratory animals when administered systemically at
relatively low dosage levels. YUTIQ should be given to a pregnant woman only if the
potential benefit justifies the potential risk to the fetus. All pregnancies have a risk of
birth defect, loss, or other adverse outcomes. In the United States general population,
the estimated background risk of major birth defects and miscarriage in clinically rec-
ognized pregnancies is 2% to 4% and 15% to 20%, respectively. 8.2 Lactation. Risk_
Summary. Systemically administered corticosteroids are present in human milk and
can suppress growth, interfere with endogenous corticosteroid production. Clinical or
nonclinical lactation studies have not been conducted with YUTIQ. It is not known
whether intravitreal treatment with YUTIQ could result in sufficient systemic absorp-
tion to produce detectable quantities of fluocinolone acetonide in human milk, or
affect breastfed infants or milk production. The developmental and health benefits of
breastfeeding should be considered, along with the mother’s clinical need for YUTIQ
and any potential adverse effects on the breastfed child from YUTIQ. 8.4 Pediatric
Use. Safety and effectiveness of YUTIQ in pediatric patients have not been estab-
lished. 8.5 Geriatric Use. No overall differences in safety or effectiveness have been
observed between elderly and younger patients.

Manufactured by:
EyePoint Pharmaceuticals US, Inc., 480 Pleasant Street, Watertown, MA 02472 USA

Patented. See https://eyepointpharma.com/patent-notification/
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EDITORIAL

The complement era

dawns

or generations, retina special-

ists have listened helplessly as

patients with geographic atro-

phy described their frustrations
about visual dysfunctions and anxieties
about losing more vision. But our field
wasn’t idle through those years. Teams
of researchers methodically built upon
insights from genetics, pathology, im-
munology, ocular imaging and clinical
observation, finally yielding a tangible
option for patients.

Last month, with the Food and
Drug Administration approval of peg-
cetacoplan (Syfovre, Apellis Pharma-
ceuticals) for treatment of GA, a new
era dawned for retina. This is arguably
the biggest innovation in retina care
since anti-VEGT injections.

With this new era, we face a host of
new challenges and uncertainties.

First, the efficacy benefit is modest.
We would all like a drug that stopped
GA growth, but that’s not what we
have, at least not on average through
two years. Specifically, in the OAKS
and DERBY Phase III registration tri-
als involving 1,258 patients, pegceta-
coplan reduced GA growth 17 to 20
percent, with a greater benefit among
eyes with nonsubfoveal GA, at 22 to
26 percent. Most importantly, efficacy
increased over time, with up to a 30
percent reduction in GA growth over
months 18 to 24.

Simply put, this is a therapy that
will likely need to be given indefinitely
to yield maximal benefit, and there’s
currently no biomarker we can use to
measure efficacy. It’s important that
patients understand these perspectives
before they start therapy to appropri-
ately set expectations.

Second, pegcetacoplan has key
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side effects to recognize that appear
dose-dependent. New wet AMD was
diagnosed in 12, 7 and 3 percent of
monthly, every-other-month and sham
patients. Ideally, patients receive op-
tical coherence tomography imaging
regularly to screen for any evidence of
exudation so that they can efficiently
start anti-VEGF therapy when needed.

Ischemic optic neuropathy was di-
agnosed in 1.7, 0.2 and 0 percent of
the aforementioned arms, respective-
ly. While we need more data about
these patients, and data from large
numbers of patients treated in routine
clinical practice will likely prove valu-
able to better define and understand
this potential risk signal, at this time
one might consider every-othr-month
dosing, particularly among patients at
risk of ION due to a disc at risk and/or
other factors.

Practically, the volume and viscosity
of pegcetacoplan are unique. Pegceta-
coplan is a viscous fluid delivered as
100 pL. It requires substantially more
time to draw into the syringe than our
anti-VEGF agents. Be patient and use
a Luer Lock syringe. Then, make sure
the entire dose is delivered intravitre-
ally before withdrawing the needle.
Also, consider approaches to minimize
intraocular pressure fluctuations, espe-
cially in high-risk eyes.

The FDA-approval of pegcetaco-
plan validates complement as a ther-
apeutic target in GA. It’s an exciting
time in retina and we’re going to learn
much more about pegcetacoplan and
GA as we go forward. ®
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The new GONIO ready® changes
the way of your Glaucoma Surgery

Two-handed MIGS surgeries are now possible for the first time! The OCULUS GONIO ready®
seamlessly integrates with the microscope giving surgeons the freedom to utilize
both hands during MIGS.

« Single-use for excellent optical quality
« Unique Flex System for maintained contact with the cornea
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How multimodal imaging
raises the bar for
rhegmatogenous retinal

detachment repair

The potential of imaging
biomarkers are emerging as
useful outcome measures for

future trials in RRD.

By Wei Wei Lee, MD,
and Rajeev H. Muni, MD

Artist's rendering. Colors may differ from those

seen in the clinic due to printing requirements.
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The ocular side effects of emerging oncology meds
A review of how a variety of immunotherapies and targeted therapies for cancer

impact the retina and the rest of the eye.
By Basil K. Williams, MD, and Soraiya Thura, MD
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Gene therapy delivery: Examining the evidence
A look at the benefits and drawbacks of the three dominant modalities in

clinical trials.
By Salar Rafieetary, MD, and Stephen Huddleston, MD
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NOW APPROVED: the first and only FDA-approved B ravels somiich

treatment for GA secondary to AMD! . SAVE RETINAL TISSUE
BY SLOWING
PROGRESSION™

SYFOVRE achieved continuous reductions
inmean lesion growth rate* vs sham
pooled from baseline to Month 24!

Monthly Every Other Month (EOM)

OAKS trial (mm?): OAKS trial (mm?):
(3.11vs 3.98)22% (3.26vs 3.98)18%

DERBY trial (mm?): DERBY trial (mm2):
(3.28vs4.00)18% (3.31vs 4.00)17%

SEin trials (monthly, EOM, sham pooled):
OAKS: 0.15,0.13, 0.14; DERBY: 0.13, 0.13, 0.17.

*Slope for baseline to Month 24 is an average of slope of baseline to Month 6,
Month 6 to Month 12, Month 12 to Month 18, and Month 18 to Month 24
Based on a mixed effects model forrepeated measures assuming a piecewise
linear trend in time with knots at Month 6, Month 12,
andMonth 18
AMD=age-related
macular degeneration;
GA=geographic atrophy;
SE=standard error.

0
] | SyfovreECP.com/efficacy

Learn more about the SYFOVRE clinical data at

INDICATION
SYFOVRE™ (pegcetacoplaninjection)isindicated for the treatment of geographic atrophy (GA) secondary to age-related macular degeneration (AMD).

IMPORTANT SAFETY INFORMATION

CONTRAINDICATIONS
e SYFOVREis contraindicated in patients with ocular or periocularinfections, and in patients with active intraocular inflammation

WARNINGS AND PRECAUTIONS
e Endophthalmitis and Retinal Detachments
O Intravitrealinjections, including those with SYFOVRE, may be associated with endophthalmitis and retinal detachments. Proper aseptic injection
technique must always be used when administering SYFOVRE to minimize the risk of endophthalmitis. Patients should be instructed to report any
symptoms suggestive of endophthalmitis or retinal detachment without delay and should be managed appropriately.
e Neovascular AMD
O Inclinicaltrials, use of SYFOVRE was associated with increased rates of neovascular (wet) AMD or choroidal neovascularization (12% when
administered monthly, 7% when administered every other month and 3% in the control group) by Month 24. Patients receiving SYFOVRE should be
monitored for signs of neovascular AMD. In case anti-Vascular Endothelial Growth Factor (anti-VEGF)is required, it should be given separately from
SYFOVRE administration.
e Intraocular Inflammation
O Inclinicaltrials, use of SYFOVRE was associated with episodes of intraocular inflammation including: vitritis, vitreal cells, iridocyclitis, uveitis,
anterior chamber cells, iritis, and anterior chamber flare. Afterinflammation resolves, patients may resume treatment with SYFOVRE.
e Increased Intraocular Pressure
O Acuteincreasein |OP may occur within minutes of any intravitreal injection, including with SYFOVRE. Perfusion of the optic nerve head should be
monitored following the injection and managed as needed.
ADVERSE REACTIONS
e Mostcommon adverse reactions (incidence =5%) are ocular discomfort, neovascular age-related macular degeneration, vitreous floaters,
conjunctivalhemorrhage.

Please see Brief Summary of Prescribing Information for SYFOVRE on the adjacent page.

Trial Design: SYFOVRE safety and efficacy were assessed in OAKS (N=637) and DERBY (N=621), multi-center, 24-month, Phase 3, randomized, double-masked trials.
Patients with GA (atrophic nonexudative age-related macular degeneration), with or without subfoveal involvement, secondary to AMD were randomly assigned (2:2:1:1) to
receive 15 mg/0.1 mL intravitreal SYFOVRE monthly, SYFOVRE EOM, sham monthly, or sham EOM for 24 months. Change from baseline in the total area of GAlesionsin the
study eye (mm?) was measured by fundus autofluorescence (FAF).*

etal. Progression of photoreceptor degenerationin geographic atrophy secondary to age-related macular degeneration. JAMA Ophthalmol.
2020;138(10):1026-1034. 3. Bird AC, Phillips RL, Hageman GS. Geographic atrophy: a histopathological assessment. JAMA Ophthalmol.

2014;132(3):338-345. 4. Data onfile. Apellis Pharmaceuticals, Inc. S Y F Ov R

® . ) . . .
APELLIS®, SYFOVRE™ and their respective logos are registered trademarks and/or (pegcetacoplan In]ectmn)

A [l' trademarks of Apellis Pharmaceuticals, Inc.
pe IS ©2023, Apellis Pharmaceuticals, Inc. 2/23 US-PEGGA-2200232 v1.0 15 mg /01mL

References: 1. SYFOVRE (pegcetacoplaninjection) [package insert]. Waltham, MA: Apellis Pharmaceuticals, Inc.; 2023. 2. Pfau M, vonder Emde L, de Sisternes L, ’3
E.



SYFOVRE ™ (pegcetacoplan injection), for intravitreal use
BRIEF SUMMARY OF PRESCRIBING INFORMATION
Please see SYFOVRE full Prescribing Information for details.

INDICATIONS AND USAGE
SYFOVRE is indicated for the treatment of geographic atrophy (GA) secondary to
age-related macular degeneration (AMD).

CONTRAINDICATIONS

Ocular or Periocular Infections

SYFOVRE is contraindicated in patients with ocular or periocular infections.
Active Intraocular Inflammation

SYFOVRE is contraindicated in patients with active intraocular inflammation.

WARNINGS AND PRECAUTIONS

Endophthalmitis and Retinal Detachments

Intravitreal injections, including those with SYFOVRE, may be associated with
endophthalmitis and retinal detachments. Proper aseptic injection technique must always
be used when administering SYFOVRE in order to minimize the risk of endophthalmitis.
Patients should be instructed to report any symptoms suggestive of endophthalmitis or
retinal detachment without delay and should be managed appropriately.

Neovascular AMD

In clinical trials, use of SYFOVRE was associated with increased rates of neovascular
(wet) AMD or choroidal neovascularization (12% when administered monthly, 7% when
administered every other month and 3% in the control group) by Month 24. Patients
receiving SYFOVRE should be monitored for signs of neovascular AMD. In case anti-Vascular
Endothelial Growth Factor (anti-VEGF) is required, it should be given separately from
SYFOVRE administration.

Intraocular Inflammation

In clinical trials, use of SYFOVRE was associated with episodes of intraocular
inflammation including: vitritis, vitreal cells, iridocyclitis, uveitis, anterior chamber cells,
iritis, and anterior chamber flare. After inflammation resolves patients may resume
treatment with SYFOVRE.

Increased Intraocular Pressure

Acute increase in IOP may occur within minutes of any intravitreal injection, including with
SYFOVRE. Perfusion of the optic nerve head should be monitored following the injection
and managed as needed.

ADVERSE REACTIONS

Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction
rates observed in the clinical trials of a drug cannot be directly compared to rates in the
clinical trials of another drug and may not reflect the rates observed in practice.

Atotal of 839 patients with GA in two Phase 3 studies (OAKS and DERBY) were treated with
intravitreal SYFOVRE, 15 mg (0.1 mL of 150 mg/mL solution). Four hundred nineteen (419) of
these patients were treated in the affected eye monthly and 420 were treated in the affected
eye every other month. Four hundred seventeen (417) patients were assigned to sham.

The most common adverse reactions (>5%) reported in patients receiving SYFOVRE were
ocular discomfort, neovascular age-related macular degeneration, vitreous floaters, and
conjunctival hemorrhage.

Table 1: Adverse Reactions in Study Eye Reported in >2% of Patients Treated with
SYFOVRE Through Month 24 in Studies 0AKS and DERBY

Adverse Reactions PM PEOM Sham Pooled
(N =419) (N = 420) (N=417)

% % %

Ocular discomfort* 13 10 11

Neovascular age-related 12 7 3

macular degeneration*

Vitreous floaters 10 7 1

Conjunctival 8 4

hemorrhage

Vitreous detachment 4 6

Retinal hemorrhage 4 5

Punctate keratitis* 5 3 <1

Posterior capsule 4 4 3

opacification

Intraocular inflammation* 4 2 <1

Intraocular pressure 2 3 <1

increased

PM: SYFOVRE monthly; PEOM: SYFOVRE every other month

*The following reported terms were combined:

Ocular discomfort included: eye pain, eye irritation, foreign body sensation in eyes, ocular discomfort,
abnormal sensation in eye

Neovascular age-related macular degeneration included: exudative age-related macular degeneration,
choroidal neovascularization

Punctate keratitis included: punctate keratitis, keratitis

Intraocular inflammation included: vitritis, vitreal cells, iridocyclitis, uveitis, anterior chamber cells, iritis,
anterior chamber flare

Endophthalmitis, retinal detachment, hyphema and retinal tears were reported in less
than 1% of patients. Optic ischemic neuropathy was reported in 1.7% of patients treated
monthly, 0.2% of patients treated every other month and 0.0% of patients assigned to
sham. Deaths were reported in 6.7% of patients treated monthly, 3.6% of patients treated
every other month and 3.8% of patients assigned to sham. The rates and causes of death
were consistent with the elderly study population.

USE IN SPECIFIC POPULATIONS

Pregnancy

Risk Summary

There are no adequate and well-controlled studies of SYFOVRE administration in pregnant
women to inform a drug-associated risk. The use of SYFOVRE may be considered following
an assessment of the risks and benefits.

Systemic exposure of SYFOVRE following ocular administration is low. Subcutaneous
administration of pegcetacoplan to pregnant monkeys from the mid gestation period
through birth resulted in increased incidences of abortions and stillbirths at systemic
exposures 1040-fold higher than that observed in humans at the maximum recommended
human ophthalmic dose (MRHOD) of SYFOVRE (based on the area under the curve (AUC)
systemically measured levels). No adverse maternal or fetal effects were observed in
monkeys at systemic exposures approximately 470-fold higher than that observed in
humans at the MRHOD.

In the U.S. general population, the estimated background risk of major birth defects and
miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively.
Lactation

Risk Summary

It is not known whether intravitreal administered pegcetacoplan is secreted in human milk
or whether there is potential for absorption and harm to the infant. Animal data suggest
that the risk of clinically relevant exposure to the infant following maternal intravitreal
treatment is minimal. Because many drugs are excreted in human milk, and because the
potential for absorption and harm to infant growth and development exists, caution should
be exercised when SYFOVRE is administered to a nursing woman.

Females and Males of Reproductive Potential

Contraception

Females: It is recommended that women of childbearing potential use effective
contraception methods to prevent pregnancy during treatment with intravitreal
pegcetacoplan. Advise female patients of reproductive potential to use effective
contraception during treatment with SYFOVRE and for 40 days after the last dose. For
women planning to become pregnant, the use of SYFOVRE may be considered following
an assessment of the risks and benefits.

Pediatric Use

The safety and effectiveness of SYFOVRE in pediatric patients have not been established.
Geriatric Use

In clinical studies, approximately 97% (813/839) of patients randomized to treatment with
SYFOVRE were > 65 years of age and approximately 72% (607/839) were > 75 years of
age. No significant differences in efficacy or safety were seen with increasing age in these
studies. No dosage regimen adjustment is recommended based on age.

PATIENT COUNSELING INFORMATION

Advise patients that following SYFOVRE administration, patients are at risk of developing
neovascular AMD, endophthalmitis, and retinal detachments. If the eye becomes red,
sensitive to light, painful, or if a patient develops any change in vision such as flashing
lights, blurred vision or metamorphopsia, instruct the patient to seek immediate care from
an ophthalmologist.

Patients may experience temporary visual disturbances associated either with the
intravitreal injection with SYFOVRE or the eye examination. Advise patients not to drive or
use machinery until visual function has recovered sufficiently.
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With FDA approval, pegcetacoplan launches
with high awareness—and a few questions

egcetacoplan injection (Sy-

fovre, Apellis Pharmaceuti-

cals) 1s launching with a high

awareness among ophthal-
mologists, according to a pulse study
conducted shortly after the drug’s his-
toric approval.

However, it seems retina specialists
are taking a nuanced approach to
using the new treatment in their prac-
tices, the study, which Spherix Global
Insights conducted, found. And even
with the approval, not all retina spe-
cialists will be embracing the new
treatment with open arms.

Issues with pegcetacoplan

Demetrios Vavvas, MD, PhD, as-

sociate retina service director at Mas-
sachusetts Eye and Ear in Boston, has
been a vocal critic of the new treat-
ment. Among the key findings from
the pivotal OAKS and DERBY trials
that Dr. Vavvas takes issue with:

* The reported 20 percent reduc-
tion across the monthly (PM)
and every-other-month (PEOM)
treatment arms. Dr. Vavvas
says the actual reduction is 7.4
percent, and that the reported
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reduction is based on predicted
lesion growth.

Pegcetacoplan offers no mean-
ingful benefit for best-correct-
ed visual acuity. He notes that
BCVA declined about seven let-
ters in sham eyes, about eight
letters in the PM arm and about
nine letters in the PEOM group.
* The 12.2 percent of PM eyes that
converted to neovascular, or ex-
udative, age-related macular de-
generation at two years, is about
four times the rate in the sham
group and almost double the rate
of PEOM eyes.
But two OAKS/DERBY investiga-
tors take issue with his interpretation
of the results.

Different views of results

“The reductions in GA lesion
growth of 21 percent with pegceta-
coplan every month and 17 percent
with every-other month are actual
reductions vs. sham over 24 months,”
says Sunir Garg, MD, codirector of
retina research at Wills Eye Hospi-
tal, Philadelphia, and an OAKS/-
DERBY investigator. The model for
calculating that reduction, the mixed
effects model for repeated measures
(MMRM), “is a well-accepted statis-
tical model for assessing longitudinal
data.” He notes that pivotal trials for
lampalizumab and faricimab used
the same modeling.

Dr. Garg adds that when patients
with nonsubfoveal lesions were seg-
regated from the overall cohort, the
GA area reductions were even more
robust: 26 percent with PM and 22
percent with PEOM treatment.

With regard to the rates of eAMD,

SOME KEY FACTS ABOUT

PEGCETACOPLAN

- It's approved for geographic atrophy with or
without subfoveal involvement.

- It has a flexible dosing regimen of every 25
to 60 days.

- It'll cost $2,190 per vial.

Philip Ferrone, MD, a retina special-
ist in Great Neck, N.Y., says they’re
similar to the conversion rates with
other complement inhibitors. “In
OAKS/DERBY, eAMD rates are
higher with PM than with PEOM,
but when comparing rates at one year
of pegcetacoplan vs. those of other
complement inhibitors, the rates are
the same-—approximately 6 percent
with monthly dosing. The one-year
rate with PEOM dosing, however, is
lower—4.1 percent.” At two years, the
conversion rate more than doubled in
the PM group.

He notes the “vast majority” of
OAKS/DERBY patients that con-
verted to eéAMD had treatment with
anti-VEGF agents. “The average
number of injections per month fol-
lowing the diagnosis of eAMD was
approximately 0.5, or one injection
every two months, with no difference
in pegcetacoplan-treated and sham
patients,” Dr. Ferrone says.

Who benefits? It depends
Obviously, the three retina special-
1sts have differing views on who would
benefit from the treatment. Dr. Vav-
vas says he won’t offer pegcetacoplan
to any patient. “So if a patient comes
in and asks you, ‘Will I see any bene-
fit?’ the answer is no,” he says. “There

RETINA SPECIALIST | MARCH/APRIL 2023 n
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1s no improvement in any symptoms
or quality of life or any functional
index that was tested.”

Dr. Garg points out that OAKS/
DERBY showed efficacy in all lesion
types. ““The nonsubfoveal subgroup
had even more robust effects, with a
26 percent reduction with monthly
and 22 percent reduction with ev-
ery-other- month treatment,” he says.

Dr. Ferrone concurs, noting that
OAKS/DERBY enrolled “a broad
population of GA patients.”

The Spherix Global Insights study
reports that surveyed ophthalmol-

ogists are most inclined to use peg-
cetacoplan in patients with signifi-
cant vision loss in one eye and foveal
involvement in the other. However,
they’re less confident about using it
in eyes that also have eAMD, citing
wariness about the idea of two intra-
vitreal injections in the same eye on
the same day.

And so the ascent of the learning
curve for pegeetacoplan begins. @

Dr. Vavoas has no relevant disclosures.
Dr. Garg and Dr. Ferrone are investigators
Jor Apellis.

— Richard Mark Kirkner

Retina Specialist editorial board
welcomes two new columnists

Retina Specialist magazine has ex-
panded its editorial board with
the addition of two new columnists.
They are:

Tina Felfeli, MD,
an ophthalmology
resident at the Univer-
sity of Toronto and a
long-time contributor
to the “North of the
Border” column, has taken over as
department editor of “Surgical Video
Pearl,” picking up where Paul Hahn,
MD, PhD, leaves off after launching

IN BRIEF

The Food and Drug Administration has accepted
8-mg aflibercept (Regeneron Pharmaceuti-
cals), otherwise known as high-dose aflibercept,
for priority review for the treatment of age-related
macular degeneration and diabetic macular
edema. The FDA has set a target action date of
July 27,2023.

The FDA also approved Eylea, the 2-mg formu-
|ation of aflibercept, for treatment of retinopathy

m RETINA SPECIALIST | MARCH/APRIL 2023

the column eight years ago.

Jayanth Sridhar,
MD, an associate pro-
fessor of clinical oph- |
thalmology at Bascom
Palmer Eye Institute,
Miami, joins as the
magazine’s Social Media Ambassa-
dor. He’s also taking over the “Social
Media Specialist” column that David
R.P. Almeida, MD, PhD, MBA, had
penned for the past four years.

Dr. Hahn and Dr. Almeida will con-
tinue on as editorial board members.

of prematurity in preterm infants. It's the first
FDA-approved anti-VEGF treatment for the
disease.

The Centers for Medicare and Medicaid Services
has granted a new product-specific Q code for
Cimerli (Coherus BioSciences), a ranibizumab
biosimilar. The Q-code will be effective on or after
April 1,2023.

The first patient has been dosed in the trial of FT-
002 (Frontera Therapeutics), a gene therapy for
treatment of X-linked retinitis pigmentosa. &



NORTH OF
THE BORDER

Department Editor Jason Hsu, MID

Al for the vitreoretinal surgeon

What's in the pipeline, how it may change practice and what a chatbot has to say about it.

ith the recent news of Google in-

vesting $300 million to compete

against the artificial intelligence

chatbot ChatGPT, we decided
to put together a list of some of the exciting
advances of artificial intelligence in vitreo-
retinal surgery. Although it would certainly
be convenient to use ChatGPT to generate
this article (box, page 12), we conducted our
own research on this topic. Here’s what we
found in five different pathology areas and
about how Al is impacting surgical training
and assistance.

Diabetic retinopathy

Diabetic retinopathy screening has shown
great potential to benefit from the integra-
tion of Al. Devices for Al-based DR grading
can function in two modes:'

Figure 1. Notal Vision's ForeseeHome, invented and made in
Israel, allows critical at-home daily monitoring of a disease
that can quickly lead to vision loss. (Courtesy Notal Vision)

* Assistive (augmented intelligence)
mode. In this mode, an ophthalmologist
reviews the grading the device provides and
can adjust or accept it based on their level of
agreement.

* Fully automatic mode. This mode
doesn’t allow for ophthalmologist review of
the images. Based on the evaluation of mul-
timodal images, the machine sends referable
DR and ungradeable images directly to the
ophthalmologist.

Studies have shown promising results for
the use of these technologies, particularly
in countries with high diabetes rates.? In
countries such as Singapore, analyses have
estimated that this technology will produce
yearly cost savings upwards of $15 million
by 2050.?

This technology won’t only benefit vitre-
oretinal surgeons and their patients,
but also allow them to screen more
patients in a more time-efficient man-
ner, helping them to triage patients
who require prompt intervention.

Age-related macular degeneration

Al algorithms have proven to be
effective in detecting age-related mac-
ular degeneration using optical co-
herence tomography images, with a
patient-level accuracy of 93 percent.!
The ongoing RAZORBILL study is
exploring how Al algorithms can as-
sist in treatment decisions for patients
with neovascular AMD by analyzing
three-dimensional OCT scans and
extracting relevant features for pro-
vider review.’

Al can also predict the need for
anti-VEGT treatment and a patient’s
likely response to therapy.®” Based on
OCT images, visual acuity and de-
mographic characteristics, it may also
play a pivotal role in the discovery
of novel treatments for AMD, along

By Daniel Lamoureux,
Tina Felfeli, MD, and
Efrem D. Mandelcorn,
MD, FRCSC

Daniel Lamoureux  Tina Felfeli, MD

Mandelcorn, MD,
FRCSC

BIOS

Mr. Lamoureux is a medical
student at the Northern
Ontario School of Medicine,
Thunder Bay.

Dr. Felfeli is an ophthalmolo-
gy resident at the University
of Toronto.

Dr. Mandelcorn is an asso-
ciate professor of ophthal-

mology at the University of
Toronto.

DISCLOSURES: The authors
have no relevant financial
disclosures.

RETINA SPECIALIST | MARCH/APRIL 2023 n



NORTH OF

THE BORDER

Al models
can analyze
still images
and videos of
ultrasonogra-
phy scans and
determine if
they show an
RD, vitreous
detachment,
vitreous
hemorrhage
or other
lesions, with
an accuracy of
90 percent or
higher in all
categories.

with other ophthalmic diseases.

Al has demonstrated utility in the devel-
opment and design of pharmaceuticals, with
applications in molecular design, toxicity
prediction and many other areas of the drug
design process.® Additionally, it has been uti-
lized for the complex analysis of intraocular
biomarkers and the correlation of cytokines
profiles in ocular diseases.”!?

In terms of devices, the ForeseeHome
(Notal Vision) AMD monitoring system is a
home-based device that patients can oper-
ate independently (Figure 7, page 17). It uses
Al to detect statistically significant changes
from a patient’s baseline and alerts providers
of these results."!

This device proved to be beneficial in
minimizing a decline in visual acuity from
baseline to choroidal neovascularization
detection.' Similar to the DR screening
applications, this technology allows for op-
timal management of patients and ensures
that patients progressing to a further stage

of their disease receive prompt attention and
treatment.

Retinal detachment

Al may be applied to ophthalmic ultra-
sonography to screen patients with retinal
detachment.” Al models can analyze still
mmages and videos of ultrasonography scans
and determine if they show an RD, vitreous
detachment, vitreous hemorrhage or tears,
with an accuracy of 90 percent or higher in
all categories.

Deep-learning models also have implica-
tions for predicting anatomical outcomes of
RD postoperatively with an area under the
curve (AUC) of 0.94, sensitivity of 73 percent
and a specificity of 96 percent.'

Lastly, a screening algorithm has been
developed to analyze ultra-widefield fundus
images for RD detection, including the dis-
tinction between macula-on and macula-off
RD." Interestingly, the algorithm could also
provide guidance to patients regarding head

it change their practices?

examples of Al applications in this field:

ChatGPT's Al-generated response about Al's potential in vitreoretinal surgery
ChatGPT prompt: Regarding artificial intelligence for vitreoretinal surgeons, what is in the pipeline and how will

Al-generated response: There is a growing interest in the use of artificial intelligence (Al) in vitreoretinal
surgery, as it has the potential to improve surgical outcomes and increase efficiency. The following are some

1. Image analysis: Al algorithms can be trained to analyze retinal images to identify features such as blood
vessels, retinal detachments and age-related macular degeneration. This information can assist surgeons in
making more informed decisions about the best treatment approach.

2. Surgical planning and navigation: Al can be used to assist in surgical planning by analyzing images of the
eye and creating a personalized surgical plan based on the anatomy of the eye and the specific disease being
treated. Additionally, Al-powered navigation systems can be used during surgery to help guide the surgeon and
improve accuracy.

3. Predictive modeling: Al algorithms can be trained to predict the outcomes of surgical procedures, allowing
surgeons to make informed decisions about the best approach for each patient.

4. Real-time surgical assistance: Al can be integrated into surgical equipment, such as handheld devices, to
provide real-time feedback and guidance during surgery. This can improve accuracy and safety, and reduce the
time needed for each procedure.

Overall, Al has the potential to greatly enhance the practice of vitreoretinal surgery by improving surgical
outcomes, increasing efficiency, and reducing the risk of complications. As more Al applications are developed
and validated, it is likely that they will become an increasingly important tool for vitreoretinal surgeons.
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Figure 2. Artificial intelligence-generated art provided courtesy of DALL-E 2, using the prompt, “3D rendering
of vitreoretinal surgeon using artificial intelligence while doing eye surgery!”

positioning, which could minimize the pro-
gression of their RD prior to surgical repair.

Macular hole

Studies of Al applications in macular
hole diagnosis and management show great
promise and represent a crucial step toward
the widespread adoption of this technology
in the future. Researchers in China devel-
oped a deep-learning model to predict post-
operative macular hole status after internal
limiting membrane peeling.'®

The model made these predictions using
preoperative OC'T images and achieved an
accuracy of 84.7 percent in external valida-
tion, with an AUC of 89.32 percent (sen-
sitivity of 83.33 percent and specificity of
87.5 percent). Researchers in Italy explored
the potential of Al to predict the one-year
visual acuity of eyes affected by full-thick-
ness macular hole."” The predictions were
based on preoperative OCT-A scans and the
researchers evaluated various Al models to
improve the results.

These studies highlight the potential of Al
in predicting postoperative outcomes, which
could help guide decision-making between
providers and patients.

Epiretinal membrane
The applications of Al for diagnosis and

management of epiretinal membrane have
also been demonstrated. A recent study
aimed to validate the use of Al to diagnose
an ERM based on color fundus photo-
graphs.'® The Al model produced encour-
aging results, with comparable accuracy
and a higher sensitivity than manual diag-
nosis by an ophthalmologist based on fundus
photographs alone (77.08 vs. 75.69 percent
and 75.9 vs. 63.86 percent, respectively).
Notably, the Al model had a lower specific-
ity when compared with manual diagnosis
(78.69 vs. 91.8 percent).

Al has also demonstrated its use for pre-
dicting long-term visual improvement after
ERM surgery, based on OC'T images."
The-deep learning model achieved a sensi-
tivity of 87.3 percent and a specificity of 86.2
percent when predicting one-year visual
outcomes for ERM patients who underwent
surgical intervention.

Surgical training and assistance

The field of vitreoretinal surgery has seen
significant advancements in Al with the in-
tegration of robotics, such as tremor reduc-
tion, other surgical assistive functions and
surgical training devices (Figure 2).%

One study demonstrated that Al can be
used in vitreoretinal procedures to localize,

(Continued on page 18)
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Sympathetic to the cause

A long-ago ocular trauma caused a sympathetic panuveitis in the fellow eye.

By Sara L. Hojjatie MD,
K. Matthew McKay MD,
and Thellea Leveque
MD, MPH

Leveque, MD,
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UW Medicine
EYE INSTITUTE

65-year-old male was referred to

our tertiary care institution for in-

traocular inflammation of the right

eye that didn’t respond to topical
steroids.

His ocular history was notable for a zone
1 and 2 open-globe injury of the left eye
secondary to penetrating trauma from a
metal screw several years earlier. After the
open-globe injury was primarily repaired,
he developed a retinal detachment that
became recurrent with proliferative vitre-
oretinopathy. That required two additional
surgeries for repair, including scleral buckle
placement, pars plana vitrectomy with len-
sectomy and silicone oil tamponade.

His retinal detachment repair was ulti-
mately successful with the injured left eye
attaining 20/100 visual acuity.

At the time of his presentation, he was
applying topical prednisolone four times
daily in the right eye and twice daily in the
left eye. He had not recently traveled out-
side of the United States.

Examination and imaging findings

His examination was notable for visual
acuity of 20/20-2 in the right eye and no
light perception in the left eye. Intraocular
pressures were within normal limits in each
eye. His right pupil was reactive, and his left
pupil was 7 mm and fixed with a positive
afferent pupillary defect by reverse.

Slit lamp exam of the right eye was
notable for 1+ flare in the anterior cham-
ber and 2-3+ vitreous cell. The fundus
exam showed multifocal yellow subretinal
lesions (Figure 1). The left eye conjunctiva
was injected, and the view into the anterior
chamber and fundus was limited second-
ary to dense corneal neovascularization,
diffuse stromal edema and corneal scar-
ring. The vitreous was replaced by silicone
oil, precluding effective ultrasonography
(Figure 2).

Optical coherence tomography of the
right eye showed multiple focal and conflu-
ent retinal pigment epithelium elevations
in a dome shape (Figure 3).

Figure 1. Mild media opacity and multifocal yellow subretinal lesions present at the initial
presentation. Visual acuity was 20/20-2.
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Work-up

Laboratory work-up included the follow-
ing tests: syphilis immunoglobulin G and
IgM, which was negative; QuantiFERON
gold tuberculosis test, also negative; com-
plete blood count (normal); and compre-
hensive metabolic panel (also normal). A
computed tomography lung scan showed
no pulmonary nodules.

Diagnosis and management

We diagnosed sympathetic ophthalmia
and initiated maximum medical therapy to
preserve vision in the patient’s only seeing
eye. That included oral prednisone 60 mg
daily and methotrexate 25 mg weekly. Ini-
tially, he received adalimumab (Humira,
AbbVie) every other week.

However, we eventually transitioned him
to high-dose infliximab (Remicade, Janssen)
because of frequent flares and an inability
to fully taper the oral prednisone. We used
frequent dexamethasone intravitreal injec-
tions for recurrent cystoid macular edema.
Ultimately, the inflammation was brought
under control (Figure 4, page 16).

Disease process

Sympathetic ophthalmia (SO) is a rare
disease with a reported incidence of 0.1
to 0.5 percent and 19 percent after open-
globe injury.! SO can occur after penetrat-
ing and nonpenetrating trauma, as well as
intraocular surgery. Pars plana vitrectomy
is reported as the most common cause of

| {20 B r i 200
Figure 3. Optical coherence tomography imaging of the right eye at time of initial presentation shows
multiple focal and confluent retinal pigment epithelium elevations in a dome shape.

Figure 2. Dense vitreous opacities in the right eye at the initial presentation caused this
poor view of the fundus findings. Visual acuity was no light
perception.

postsurgical sympathetic ophthalmia.>™*
Presentation may be days to years after the
trauma or insult, with 90 percent of cases
occurring within one year.’

Clinically SO is a bilateral granuloma-
tous panuveitis involving any part of the
uveal tract. Hallmarks of SO in the poste-
rior segment are yellow subretinal Dalen-
Fuchs nodules (clusters of epithelioid cells
containing pigment lying between the RPE
and Bruch’s membrane), and/or multi-
ple exudative detachments. Macular ede-

ma and choroidal neovascularization may
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Oral cortico-
steroids and
systemic
immuno-
suppressive
agents are the
first-line ther-
apy for SO. Its
severity and
chronicity
make it one of
the few indi-
cations for
which immu-
nomodulatory
therapy
should be
started at the
initial
presentation.

Figure 4. A) The patient’s right eye at the initial presentation before starting medical therapy. B) The same eye
following one year of therapy. Note the improvement in vitreous haze and decrease in subretinal yellow lesions.

complicate the disease process.”®

Pathophysiology

The eye with penetrating trauma or sur-
gery 1s the exciting eye and the contralateral
eye is the sympathetic eye."*® When trau-
ma or surgery occurs, previously seques-
tered uveal tissue antigens become exposed
to the subconjunctival space where they’re
presented via lymphatics to CD4+ helper
T-cells in peripheral lymph nodes and the
spleen.’® As a result, helper CD4+ help-
er and CD8+ cytotoxic T-cells travel to
both eyes, creating a local granulomatous
immune response. Studies suggest a ge-
netic disposition though the human leuko-
cyte antigen, including HLA-DRB1*4 and
HLA-DQB1*04°.

Treatment options

Oral corticosteroids at 1 mg/kg and
systemic iImmunosuppressive agents are
the first-line therapy for SO."® Its severi-
ty and chronicity make it one of the few
indications for which immunomodulatory
therapy should be started at the initial pre-
sentation.

Many cases require antimetabolites and
anti-tumor necrosis factor (TNF) alpha
agents for control and to prevent long-term
steroid use. Anti-VEGF agents may be indi-

m RETINA SPECIALIST | MARCH/APRIL 2023

cated for SO-associated choroidal neovas-
cular membranes. Adjuvant local steroids
may be used for residual inflammation or
cystoid edema.'™”

Bottom line

Sympathetic ophthalmia is a serious, po-
tentially sight-threatening bilateral panu-
veitis that follows penetrating injury or an
intraocular surgery. Consider SO in cases
of bilateral inflammation following PPV or
open globe injury. Early treatment with im-
munomodulatory therapy can help control
recalcitrant disease. @
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Pearls for transretinal tumor biopsy

Steps to improve your chances of performing a successful transretinal tumor biopsy.

e sometimes need to perform

choroidal tumor biopsy for either

diagnostic or prognostic purpos-

es, or both. With the recent ad-
vances in tumor molecular genetics, there
has been a significant increase in prognostic
tumor biopsies.

A variety of techniques exist for obtaining
choroidal tissue depending on the size, lo-
cation and accessibility of the tumor. Tran-
sretinal biopsy is recommended for posterior
tumors or tumors smaller than 2 mm. This
technique can be performed using indirect
ophthalmoscopy or with a microscope-
assisted wide-angle viewing system and
chandelier illumination.! The latter can im-

View the Video

Watch as Drs. Gonzélez, Krema and
Altomare share tips for choroidal
mass biopsy by a transretinal
approach. Available at:
https://bit.ly/VideoPearl-33

P\

prove visualization, simplify the procedure
and potentially result in a shorter and safer
learning curve. Here, we share some tips
that can increase the chances of performing
a successful transretinal biopsy.

Preoperative strategies
* Review the key tumor measurements.
Come to the operating room prepared

A) A straight needle enters directed toward the apex of a choroidal melanoma. B to D) The approach for a
transretinal fine-needle aspiration biopsy in a tumor with a less than 2-mm thickness. In these cases, the
needle is bent and a tangential incision is performed.

By Ana Gonzalez, MD,
Hatem Krema, MDD, and
Filiberto Altomare, MD
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with a diagram of the tumor and its
overall dimensions.

¢ Know your element. Verify in ad-
vance the media most appropriate
for the tissue sample and whether
you should contact a cytology team
member for specimen collection.

Intraoperative strategies

e Lights on. Identify an appropri-
ate clock hour for chandelier place-
ment to maximize illumination.

* Needle entry. Under the micro-
scope, identify the biopsy site and
determine the approach angle. In
our experience, an approach that’s
opposite the biopsy target works
best. After passing through the ret-
ina into the tumor, a gentle back-
and-forth motion will help to dis-
lodge more tumor cells.

 Aspiration. Stop suction before
withdrawing the needle from the
tumor.

* Needle exit. Steady the needle
while exiting the tumor as the
sharp side of the needle can cut
into the retina.

* Don’t panic. Hemorrhage can
occur in some cases, but it’s com-
monly self-limiting. Raising the in-
traocular pressure with a cotton-tip
applicator may be helpful in con-
trolling the hemorrhage.

e Finishing touches. Once you
withdraw the needle through the
sclera, use a cotton-tip applicator
and directly apply pressure followed
by cryotherapy at the exit site.
Becoming familiar with the differ-

ent types of biopsy techniques will im-

prove the chances of safely obtaining

an adequate sample for testing. @
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Al for the VR surgeon

(Continued from page 13)

classify and segment instruments and
tissues in real time, which may allow
for prevention of surgical errors in the
future.?! This kind of technology is a
step toward making microsurgeries
much safer and more precise.

Additionally, researchers at Purdue
University described the AI-Medic,
an Al mentor for trauma surgery that
envisions autonomous medical men-
toring by using computer vision and
Al algorithms to provide instructions
to surgeons when a reliable commu-
nication medium with an expert isn’t
available.?

Similar computer vision technology
may be used in the future to evaluate
a vitreoretinal surgeon’s performance
and to provide feedback on their tech-
nique.?

Al may also be used to track surgical
instruments during operations.** This
could have interesting applications for
optimizing workflow in vitreoretinal
surgeries. For example, Al may be able
to predict which piece of equipment
will be required in the next step of a
surgery and aid in providing it in a
timely manner. Al may also be used to
ensure that certain steps aren’t omitted
during a procedure.

Bottom line

Many exciting applications of Al
for vitreoretinal surgeons are already
here and on the horizon. We agree
with ChatGPT’s statement: “Al has
the potential to greatly enhance the
practice of vitreoretinal surgery by
improving surgical outcomes, increas-
ing efficiency, and reducing the risk of
complications.”

However, a key consideration will
be how we implement this technology
in an equitable manner to ensure that
it’s available for all patients, including
disadvantaged populations. @
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Oncology medications

A review of how a variety of imnmunotherapy and targeted therapies
for cancer can impact the retina and the rest of the eye.
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Take-home points

» Treatments for a wide variety of cancers include immunotherapy and targeted therapies that have improved tumor control and

patient survival compared with traditional chemotherapy.

» Asthese novel treatments became more widely used, so too did reports of ocular side effects that can range from mild and

treatable to severe and sight-threatening.

» Many of these side effects can be managed while the patient continues with their cancer treatment, although in some cases

the medication may need to be halted to preserve vision.

» The ophthalmologist needs to communicate with the oncologist and other specialists to ensure optimal clinical outcomes in

these patients.

he development and widespread use

of new approaches to treat cancer, in-

cluding immunotherapy and targeted

therapies, has altered the landscape
of cancer treatment to provide novel ways
to improve tumor control and patient sur-
vival. Targeted cancer therapies inhibit the
growth and spread of cancer by impeding
the action of specific molecules that promote
carcinogenesis, while immunotherapy helps
the immune system better identify, attack and
kill cancer cells. These approaches differ from
the mechanism of traditional chemother-
apeutic agents that kill all rapidly dividing
cells.'?

As clinicians embrace and employ these
novel immunotherapies, targeted therapies
and chemotherapy agents, distinct potential
adverse events emerge. Ocular side effects of
these medications can range from extremely
rare to very common, and from mild and re-
versible to severe and irreversible, depending
on the drug.
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Here, we’ll outline a few of the emerging
immunotherapies, chemotherapies and tar-
geted therapies and discuss some of their
known potential manifestations of ocular tox-
icity (Table).

The mechanism of immune checkpoint
mhibitor medications is to act on proteins that
regulate T-cell activity. Inhibition of these
proteins allows T-cells to become activated,
resulting in an immune response to help fight
metastatic cancers.

The proteins inhibited by this class include
cytotoxic T-lymphocyte antigen-4 (C'TLA-
4), programmed death protein 1 (PD-1) and
programmed death ligand (PD-L1).>* Some
of the checkpoint inhibitors approved by the
Food and Drug Administration include pem-
brolizumab (Keytruda, Merck), ipilimumab
(Yervoy, Bristol Myers Squibb), nivolumab
(Opdivo, Bristol Myers Squibb), atezolizum-



ab (Tecentriq, Genentech/Roche),
avelumab (Bavencio, EMD Serono/
Pfizer) and durvalumab (Imfinzi, As-
traZeneca). These medications are
most commonly used to treat meta-
static melanoma, nonsmall cell lung
cancer, colon cancer, gastric cancer,
head and neck squamous cell carcino-
ma and Hodgkin’s lymphoma.**

® Ocular side effects. The ocular
side effects are generally immune-re-
lated and have been reported to occur
in around 1 percent of patients weeks
to months after treatment starts. The
most common are dry eye, conjuncti-
vitis, episcleritis, inflammatory uveitis,
exposure keratopathy, and orbital in-
flammation (Graves-like orbitopathy),
particularly noted with the CTLA-4
inhibitor ipilimumab.’

Ipilimumab has also been rarely
associated with aggressive bilateral
uveitis similar to the exudative reti-
nal detachments seen in Vogt-Koyan-
agi-Harada syndrome.’

With anti-PD-1 and PD-L1 agents
such as pembrolizumab and nivolum-
ab, uveitis is a rare event but requires
attention for appropriate management
when it does occur (Figure 1, page 22).%
Upveitis has been noted at a rate of 0.3
to 6 percent in patients treated with
checkpoint inhibitors,® and it some-
times requires topical or oral cortico-
steroids to prevent permanent visual
loss.

Concerns for potential autoimmune
disease, such as myasthenia gravis
and thyroid disease, and worsening
of paraneoplastic syndromes should
be considered while patients are on
checkpoint inhibitor therapy.’

Mitogen-activated protein kinase inhibi-
tors target the MAP kinase pathway, aberra-
tions in which are involved in some cancers,
such as metastatic melanoma.'” The combi-
nation of BRAF (discussed later) and MEK

Ocular side effects of anti-cancer therapies

Category/agent (brand name)

Oncologic
indications

Ocular side effects

IMMUNOTHERAPY AGENTS

Checkpoint inhibitors

- Pembrolizumab (Keytruda, Merck)

« Ipilimumab (Yervoy, Bristol Myers Squibb)

- Nivolumab (Opdivo, Bristol Myers Squibb)

- Atezolizumab (Tecentriq, Genentech/Roche)
- Avelumab (Bavencio, EMD Serono/Pfizer)

« Durvalumab (Imfinzi, AstraZeneca)

- Metastatic melanoma

« Nonsmall cell lung
cancer

- Colon and gastric
cancer

- Head and neck squa-
mous cell carcinoma

- Hodgkin's lymphoma

-Dryeye

- Conjunctivitis

- Episcleritis

- Inflammatory uveitis

- Exposure keratopathy

- Graves-like orbitopathy

- Aggressive bilateral uveitis
(ipilimumab)

Mitogen-activated protein kinase (MEK)
inhibitors

- Binimetinib (Mektovi, Pfizer)

- Selumetinib (Koselugo, Alexion/AstraZeneca)
- Cobimetinib (Cotellic, Genentech/Roche)

- Trametinib (Menkinist, Novartis)

- Metastatic melano-
ma (can be used in
combination with BRAF
inhibitors, see below)

- MEK inhibitor-associated
retinopathy
- Retinal vein occlusion

BRAF inhibitors

- Dabrafenib (Tafiniar, Novartis)

- Encorafenib (Braftovi, Pfizer)

- Vemurafenib (Zelboraf, Genentech/Roche)

- BRAFYS®-mutant
advanced melanoma

- Dry eye

- Conjunctivitis

- Uveitis/panuveitis

- Central serous chorioretinopathy

- Squamous cell carcinoma and
keratoacanthomas

- Multifocal choroiditis (dab-
rafenib-trametinib combination)

- Bilateral choroidal neovascular-
ization (dabrafenib-trametinib
combination)

ANTINEOPLASTIC AGENTS

Taxanes - Ovarian cancer - Epiphora

- Paclitaxel - Breast cancer - Lacrimal duct obstruction
- Docetaxel - Nonsmall cell lung - Dye eye

- Cabazitaxel (Jevtana, Sanofi/Genzyme)

cancer
- Gastric cancers

- Cystoid macular edema (rare)

Methotrexate

- Breast cancer

- Osteogenic carcinoma

+ Acute leukemia

- Non-Hodgkin's
lymphoma

- Intraocular lymphoma

- Ocular surface toxicity
- Toxic posterior optic neuropathy
(rare)

Platinum analogs
- Cisplatin
- Carboplatin

- Solid malignancies,
including of the head,
neck, lungs, ovaries
and testicles

- Cone dysfunction

- Ischemic retinopathy

- Optic nerve edema

- Macular edema

- Optic neuritis (high-dose or
cumulative cisplatin)

mnhibitor therapy was created for treatment
of patients with unresectable or metastatic

BRAF-mutated melanoma.

MEK inhibitors include the medications
binimetinib (Mektovi, Pfizer), selumetinib
(Koselugo, Alexion/AstraZeneca), cobi-
metinib (Cotellic, Genentech/Roche) and
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Oncology medications

trametinib (Mekinist, Novartis), which target
different stages of the signaling pathway.

¢ Ocular side effects. MEK inhibitor-as-
sociated retinopathy (MEKAR) tends to oc-
cur early in the course of treatment, usual-
ly within days to weeks of starting therapy
(Figure 7). MEKAR is often transient and
may resolve without permanent effects after
discontinuation of treatment. The incidence
of MEKAR has varied in the literature from
5 to 75 percent, due to the range of clinical
presentations such as bilateral serous retinal
detachments, macular edema and outer ret-
inal layer disruption.”!!

Researchers at Memorial Sloan Ketter-
ing Cancer Center in New York assessed
25 patients receiving MEK-inhibitor treat-
ment, 92 percent of whom developed bilat-
eral subretinal fluid foci. They reported that
MEKAR is often characterized by bilateral
and multifocal pockets of subretinal fluid
without increased choroidal thickness, which
helps to differentiate it from central serous
chorioretinopathy (CSCR)."

Retinal vein occlusion, although rare, is a
potential side efect that has been reported in
clinical trials of some MEK inhibitors, name-

ly trametinib."”® Vascular disease risk factors
or glaucoma could predispose a patient to
this type of event, which warrants evaluation
by a retinal specialist.

BRAF inhibitors—BRAF stands for B-Raf
proto-oncogene—including dabrafenib
(Tafinlar, Novartis), encorafenib (Braftovi,
Pfizer) and vemurafenib (Zelboraf, Genen-
tech/Roche), which also act along the MAP
kinase pathway. They’re approved for the
treatment of advanced cutaneous melano-
ma.'

¢ Ocular adverse events. OAEs that have
been reported with BRAF treatment are
dry eyes, conjunctivitis, uveitis, GSCR and
various eyelid lesions ranging from rashes to
keratoacanthomas and squamous cell carci-
noma.>"> 7 Prompt biopsy and excision of
squamoproliferative eyelid lesions, which can
occur with vemurafenib or dabrafenib, is rec-
ommended, but discontinuation of therapy
1sn’t usually necessary.

The time from treatment initiation to de-
tection of adverse events has been reported
to range from a few weeks to a few months.
In a large retrospective review of 568 pa-
tients who were treated with vemurafenib,
22 percent developed ocular events, the most
common being uveitis, conjunctivitis and dry
eye.'®

Oncologic studies have shown that com-
bination BRAF and MEK inhibitor ther-
apy has additive antitumor effects, but the
possibility of increased ocular toxicity in this
setting remains controversial.

¢ Ocular adverse events. An observation-
al pharmacovigilance study to assess OAEs
with BRAF and MEK inhibitors noted a
significant association between combination

Figure 1. This asymptomatic 75-year-old male had a metastatic cutaneous melanoma
treated with the MEK inhibitor binimetinib. He started on the BRAF inhibitor encorafenib two
months earlier. A and B) Fundus photographs of the right and left eyes in January 2020. C)
Optical coherence tomography shows subretinal fluid in both the right (left image) and the
left (right image) eyes in January 2020. Best-corrected visual acuity at this point was 20/30
0D and 20/25 0S. D) OCT one month later with BCVA 0D and 0S 20/30. E) OCT in May 2020
with BCVA 0D and 0S 20/25. F) OCT in November 2020 with BCVA 0D and 0S 20/30.

therapy and all types of uveitis, as well as
serous retinal detachment."*

The combination of dabrafenib and tra-
metinib has been reported to cause multifocal
choroiditis and bilateral choroidal neovascu-
larization.”” Severe panuveitis may warrant
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discontinuing immunotherapy if local thera-
py or steroids don’t control the inflammation.

The taxanes inhibit cancer cell prolifer-
ation through suppression of microtubule
dynamics by stabilization leading to mitotic
arrest.'? This class includes paclitaxel and
docetaxel, both of which have multiple brand
names, and cabazitaxel (Jevtana, Sanofi/
Genzyme). They’re used for the treatment of
ovarian cancer, breast cancer, nonsmall cell
lung cancer, gastric cancers and, with cabazi-
taxel, advanced prostate cancer.

¢ Ocular adverse events. The most com-
monly reported OAEs include epiphora,
lacrimal duct obstruction and ocular sur-
face dryness, with the frequency of tearing
noted to be as high as 88 percent while on
treatment.”’ The length of treatment and
cumulative dosing have been shown to relate
to disease severity; the severe end of the spec-
trum resulting in progressive nasolacrimal
duct obstruction that may warrant surgery.

A handful of case reports of cystoid mac-
ular edema have been published, although
its frequency isn’t well understood."*' The
macular edema has been described as intra-
retinal cystoid spaces with dome-shaped fo-
veal configuration, nonleaking on fluorescein
angiography, with spontaneous resolution
after withdrawal of the taxane drug.”!

An antimetabolic, specifically a folic acid
antagonist that inhibits dihydrofolate reduc-
tase, methotrexate is immunosuppressive
with therapeutic activity in breast cancer,
osteogenic carcinoma, acute leukemia and
non-Hodgkin’s lymphoma, as well as nonin-
fectious uveitis.

® Ocular side effects. Up to a quarter of
patients undergoing high-dose intravenous
methotrexate therapy can develop ocular
surface toxicity within the first two to sev-
en days after starting treatment, but this is
usually self-limiting and can be treated with
supportive topical therapy and lubrication.

The ocular surface effects can
be more severe with intravitreal
methotrexate injection, used in
patients treated for intraocular
lymphoma.

The intrathecal route of ad-
ministration and long-standing
low-dose methotrexate have
been rarely associated with
toxic posterior optic neuropa-
thy."#? The nerve damage can
be reversible if the medication
1s discontinued early enough.
Folate supplementation can
help prevent this devastating
complication.

Cisplatin and carboplatin,
both of which are available un-
der multiple brand names, are
platinum cytotoxic drugs used
to treat solid malignancies,
such as head and neck, lung
and testicular cancers.

® Ocular side effects. Cases
of retinal damage in the form
of cone dysfunction, as well
as ischemic retinopathy, optic
nerve edema and macular ede-
ma have been reported with
these medications, but they’re
not seen commonly.”?* Cis-
platin has been documented
to produce neurotoxicity in the

Figure 2. A) Fundus photograph of the left eye of a
35-year-old patient who developed bilateral
panuveitis while on pembrolizumab, a PD-1
checkpoint inhibitor, for treatment of Hodgkin's
lymphoma. Vitritis and white peripheral punctate
lesions and vasculitis are notable. Best-corrected
visual acuity is 20/40. B) Months after a sub-Tenon's
Kenalog injection in the left eye, the vitritis
improved significantly and BCVA improved to
20/20. The patient had also been taken off
pembrolizumab several months earlier. The
scattered peripheral lesions remain.

form of optic neuritis that can take occur
with high-dose as well as cumulative-dose
regimens and macular pigmentary changes,
which is one of the few irreversible ophthal-
mic findings.*** Oncologists avoid intraca-
rotid administration of cisplatin because of
the potential for high ocular toxicity, includ-
ing retrobulbar neuritis and central retinal

artery occlusion.?

The wide array of novel immunother-
apy and targeted therapy agents and
(Continued on page 27)
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Gene therapy delivery:
Examining the evidence
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modalities in clinical trials.
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Take-home points

2

suprachoroidal delivery.

the subretinal space.

Treatment modalities under investigation for gene therapies to treat retinal diseases include subretinal, intravitreal and

Subretinal delivery is the most used treatment option and requires pars plana vitrectomy with injection of the viral vector into

» Intravitreal gene therapy is an office-based procedure, but it has limited efficacy due to long diffusion distance, dilutional effect

and increased inflammatory response.

2

Suprachoroidal gene therapy is also an office-based procedure, involving injection of the viral vector into the potential space

between the inner sclera and outer choroid. This technique has shown promise, but more work is needed.

n 2017 voretigene neparvovec became

the first retina gene therapy to receive

Food and Drug Administration approval.

Voretigene neparvovec is an adeno-asso-
ciated virus that delivers a functional copy of
the RPE6S gene subretinally to treat Leber
congenital amaurosis.

Since voretigene neparvovec (Luxturna,
Spark Therapeutics) became available, ac-
tive research has exploded into other modes
of gene therapy delivery as well as indica-
tions beyond inherited retinal disease. Here,
we will discuss different viral mechanisms
for gene transduction and the different pro-
cedural techniques for administering treat-
ment.

Most of the clinical trials involving gene
therapy for IRDs are in Phase I or Phase
II, with only a few trials making it to Phase
IIL."' Much of our understanding of the tech-
niques and outcomes of viral vector delivery
has come from clinical trials involving gene
therapy for neovascular age-related macular
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degeneration and diabetic macular edema,
in which gene vectors, such as RGX-314
(RegenxBio), are used to upregulate gene
expression of an anti-VEGF molecule.

It started with voretigene neparvovec

Voretigene neparvovec aims to treat LCA
caused by RPE65 gene mutations, which
result in a deficiency of 11-cis-retinal. As a
consequence, rod photoreceptors are unable
to respond to light.? Phase III results demon-
strated functional visual improvements,’
and studies have demonstrated improved
light sensitivity for up to three years, with
subsequent decline.*

Subretinal delivery of the RPE6S gene has
been well-tolerated with no adverse events
related to the AAV vector.>*® Humoral and
cell-mediated responses to the AAV2 capsid
and the RPE6S transgene were benign in all
patients, with only one patient developing a
cell-mediated response to AAV.*

Perifoveal chorioretinal atrophy, defined



as progressively enlarging areas of chorio-
retinal atrophy not directly related to the
touch-down site, has been reported in pa-
tients treated with voretigene neparvovec.”
These changes were more commonly seen
within the area of the bleb, but were also
observed outside of the bleb.?

Viral vectors

Viral vectors for gene therapy include
adenovirus, adeno-associated virus (AAV)
and lentivirus. These vectors differ in their
gene-carrying capacity, immunogenicity,
cellular tropism and mutagenicity. AAV is
the most widely used gene therapy vector.

AAV is a small, nonpathogenic virus that
belongs to the Parvoviridae family. It con-
tains a linear single-stranded DNA genome.
AAV is advantageous in the use of gene
delivery for many reasons, including:

* it transduces nondividing cells;

* it’s less immunogenic than other virus
models;
it doesn’t integrate into the host ge-
nome; and

* it maintains long-term gene expres-

sion.”

Because the eye is an immune-privileged
site, only a limited immune reaction to the
viral vector and transgene is observed.'
AAV is safe and has demonstrated long-
term gene expression in the retina.**>!!

Intravitreal administration

Most IRDs involve genetic mutation and
dysfunction at the photoreceptors and/or
retinal pigment epithelium levels. Com-
pared with subretinal administration, in-
travitreal injections are less effective in
delivering the gene vector to the outer ret-
ina.'? Intravitreal administration dilutes the
vector in the vitreous cavity and it has to
overcome a long diffusion distance to reach
its target cells. Thus, higher vector concen-
trations are required.”!?

When administered intravitreally, the
vector is exposed to the host’s immune sys-
tem, resulting in neutralizing antibodies,
intraocular inflammation, and reduced

Subchoroidial
Injection

Intravitreal
Injection

Subretinal
Injection

clinical efficacy.” In animal models, sub-
retinal administration of an AAV-RPE65
vector resulted in improved retinal function,
while intravitreal administration did not."?

INFINITY, a Phase II trial of ADVM-
022 (Ixo-vec, Adverum Biotechnologies),
an AAV2 designed to deliver a transgene
encoding aflibercept in patients with DME,
was terminated and unmasked prematurely
after a patient in the treatment arm experi-
enced hypotony with panuveitis and vision
loss."*" While similar devastating adverse
events haven’t been reported in nAMD pa-
tients treated with ADVM-022, this adverse
event has raised concern about the safety of
intravitreal gene therapy.

Suprachoroidal gene therapy

The suprachoroidal space is a potential
space between the inner sclera and the out-
er choroid. Catheters, hypodermic needles
and microneedles can access this space.'®!’
Microneedles have been developed to make
suprachoroidal injection an office-based
procedure done with topical anesthesia.

The Phase 1II PEACHTREE study
demonstrated efficacy of suprachoroidal
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The three modalities of gene
therapy delivery.




Gene therapy delivery

Although the
eyeis
immune-
privileged,
ocular
inflammation
almost
always
accompanies
gene therapy
regardless of
the mode of
delivery.

injections of triamcinolone acetonide for
treatment of macular edema secondary to
noninfectious uveitis.'® Subsequently, su-
prachoroidal injections have been explored
as a potential treatment modality for gene
therapy. Compared with subretinal injec-
tions where the vector remains in high con-
centration in the area of the bleb, supracho-
roidal gene therapy has greater spread,
allowing for expression through a larger
area of RPE and outer retina.'

Suprachoroidal gene therapy is still in the
carly stages of development. Despite this,
encouraging results have been reported with
a well-tolerated safety profile of suprachoroi-
dal RGX-314 in nAMD. 2!

Subretinal delivery

Subretinal gene therapy begins with a
pars plana vitrectomy and inducing a poste-
rior vitreous detachment if one 1sn’t already
present. Triamcinolone particulate mark-
ers during this step may ensure complete
hyaloid removal from the retinal surface.
Hyaloidal remnants dramatically increase
the overall challenge of bleb formation and
agent delivery.

The vector is injected using a small-gauge
cannula through the retina, creating a bleb
between photoreceptors and RPE. A myriad
of protocols and techniques exist for subret-
inal gene delivery. Many involve a pre-bleb
with saline, others use the agent itself for
bleb formation.

Bleb initiation may be challenging, de-
pending on patient anatomy, patient move-
ment and operator visualization. In many
IRDs, bleb formation is a challenge because
of the presence of subretinal fibrosis and
excessive adhesion between the retina and
RPE. Good candidates for subretinal gene
therapy traditionally have clear lenses or
have had cataract surgery performed by me-
ticulous cataract surgeons, leaving minimal
to no cortex. Exceeding 550 patients treated
to date, the most commonly delivered sub-
retinal gene therapy is RGX-314.

The advantage to this technique over in-
travitreal administration is that the subreti-
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nal space, because it is immune-privileged,
has a lower likelihood of inflammation. Sub-
retinal delivery of AAV results in gene trans-
duction at the level of the photoreceptors,
Muller cells and RPE cells.?

While, subretinal delivery of AAV 1s well
tolerated, complications from the mode of
administration have been reported. They in-
clude endophthalmitis, retinal detachment,
macular hole and reduced visual acuity.**

Disadvantages of subretinal delivery

Disadvantages of this technique include
1atrogenic separation of the retina from the
RPE in bleb creation that results in photore-
ceptor compromise.'? This is especially costly
in patients with IRDs, where photoreceptors
are at baseline abnormal. As we mentioned,
perifoveal chorioretinal atrophy has been
seen in certain patients after administration
of voretigene neparvovec. Pigment changes
without atrophy have been observed follow-
ing subretinal delivery of RGX-314 as well."
Research into the causes is ongoing.

Another disadvantage of subretinal deliv-
ery is that it requires surgery, often with gen-
cral anesthesia in pediatric patients. Other
drawbacks include the lack of predictability
and reproducibility with subretinal bleb
formation. During bleb formation, the viral
vector may extend from the injection site
symmetrically in a circle or asymmetrically
in one direction.' Viral vector may also es-
cape into the vitreous cavity."

Some immeasurable reflux out of the bleb
will always occur. Blebs will also migrate be-
fore resorption, which can lead to unexpect-
ed effects such as macular transfection with
superior retina bleb placement. These un-
predictable surgical variables may result in
variable amounts of transgene expression.'?

Inflammation

Although the eye is immune-privileged,
ocular inflammation almost always accom-
panies gene therapy regardless of the de-
livery mode delivery.” Even when it’s not
detected clinically, histologic evidence of
inflammation at the cellular level is present.



Inflammation is often responsive to immunosuppression,
usually with local or systemic corticosteroids. Many vari-
ations of treatment protocols for inflammation have been
reported, but no consensus exists on treatment strategies.”

Bottom line

Since the FDA approved voretigene neparvovec, re-
search into gene therapies for the full spectrum of retinal
diseases has expanded rapidly. Each of the three methods
of administering retinal gene therapy have been evaluated,
each with its own benefits and drawbacks. Inflammation is
a constant concern with gene therapy administration, but
the future is exciting for IRDs as well as more common
conditions such as nAMD and DME. ®
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Oncology medications

Ocular side effects of emerging oncology meds
(Continued from page 23)
chemotherapy drugs that have been introduced to treat a
diverse range of malignancies has been revolutionary for
the field of oncology. These medications can have distinct
systemic effects, but we continue to add to our knowledge of
their ophthalmic adverse effects as well. Ocular changes from
some of these medications include serous retinopathy, mac-
ular edema, uveitis, optic nerve edema and surface disease.
Many of these findings can be managed while the patient
continues with their potentially life-saving anticancer treat-
ment, although in vision-threatening cases, the medication
may need to be discontinued. Communication and part-
nership between the oncologist, ophthalmologist and other
specialists 1s vital for optimal clinical outcomes.
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Multimodal imaging

How multimodal imaging
raises the bar for RRD repair

The potential of imaging biomarkers are emerging as useful outcome
measures for future trials in rhegmatogenous retinal detachment.
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Take-home points

» The definition of a successful retinal detachment repair is undergoing a significant shift from the traditional single surgery
anatomic reattachment to achieving structural integrity of the retinal reattachment. In other words, it's no longer only about
how often the retina is attached with a single procedure, but how well the retina is attached.

» Multimodal imaging is crucial in assessing the integrity of retinal reattachment

» Imaging biomarkers such as discontinuity of the outer retinal bands and outer retinal folds on optical coherence tomography
and the presence of retinal vessel printings on fundus autofluorescence have been associated with worse functional outcomes
following rhegmatogenous retinal detachment repair. These imaging biomarkers will be important in future clinical trials that

will evaluate various treatments for RRD repair.

everal advances in our surgical tech-

niques have emerged over the past

century, and we are fortunate to have

multiple treatment options for rheg-
matogenous retinal detachment, including
pneumatic retinopexy, scleral buckle and
pars plana vitrectomy.

Despite the availability of these options,
the debate over the best approach for RRD
repair has been ongoing.' ® This is related in
part to limited randomized trials comparing
various treatment options for RRD.

However, advancements in retinal imaging
technology over the years have allowed us to
gather more data and to better understand
the process of retinal detachment and reat-
tachment, which may potentially assist retinal
surgeons in making treatment decisions and
planning future studies involving a variety of
anatomic imaging biomarkers.

A change in perspective on RRD repair
Advancements in microsurgical instru-
mentation over the past few decades have

Figure 1. Representative spectral-domain optical coherence tomography five-line raster images with
discontinuity of the outer retinal bands three months after macula-off detachment repair. It shows discontinuity
of the external limiting membrane (red arrows) and discontinuity of ellipsoid zone and interdigitation zone
(white arrowheads) in the foveal scan.
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mmproved the single-surgery success rates of
RRD repair. However, despite successful
anatomic reattachment, patients may still
experience suboptimal functional outcomes
and complain of reduced visual acuity, meta-
morphopsia or aniseikonia.* ® This has led to
a pivotal change in how we view a successful
RRD repair from the traditional anatomic
reattachment to achieving structural integri-
ty of the retinal reattachment.

Several authors have discussed different
approaches to repairing a RRD to achieve
a high-integrity retinal attachment, high-
lighting the importance of reattaching the
retina as closely as possible to its original
location rather than reattaching the retina in
a stretched state, which can result in what we
refer to as a low-integrity retinal attachment.

Functional outcome measures

Functional outcome measures after RRD
repair are essential because they provide a
quantitative assessment for evaluating the
success of different surgical techniques and
provide information regarding prognosis.
Past landmark studies have mainly used
visual acuity as the primary measure of func-
tional outcome, but in recent years inves-
tigators have had increased interest in the
assessment of outcomes beyond VA, such as
metamorphopsia and aniseikonia.

Many studies have incorporated objective
assessment of these functional outcome mea-
sures after RRD repair, using M-CHARTS
(Inami & Co.) to measure the degree of
metamorphopsia® ” and the Awaya new ani-
seikonia test (Handaya) for aniseikonia.®
Several authors have demonstrated that the
incidence of metamorphopsia after RRD re-
pair is significant, ranging from 56.7 to 88.6
percent.”!%!" Similarly, aniseikonia has been
reported in as many as 42 to 58 percent of
patients post-RRD repair.®?

Role of multimodal imaging

Although metamorphopsia and aniseiko-
nia are common following RRD repair, the
pathophysiological basis 1s still not clearly
understood due to conflicting evidence in the

Figure 2. En face and cross-sectional swept-source optical coherence tomography images
of a patient before (A, B) and one week after (C, D) retinal detachment repair. Outer
retinal folds are evidenced by the presence of hyper-reflective curvilinear lesions (red
arrows) on the en face slab (C) with corresponding protrusions (red asterisk) on the
cross-sectional (D) OCT scans of an eye that had recent RD repair.

existing literature. Many contributing factors
reduce functional outcomes after RRD re-
pair, some of which are apparent on clinical
examination. They include epiretinal mem-
brane, cystoid macula edema or macula
hole, but some can’t be explained by clinical
examination alone.

Researchers at Tsukuba University in
Japan reported that two-third of patients
who had significant metamorphopsia exhib-
ited normal macular contour with no iden-
tifiable gross abnormalities, such as ERM,
CME, macular hole or persistent subretinal
fluid, suggesting the existence of microstruc-
tural macular changes that standard fundus
biomicroscopy couldn’t detect.” In these cas-
es, using multimodal imaging biomarkers
has the potential to reveal important pa-
thology that may explain the suboptimal
functional outcomes.

Multimodal imaging has also given us a
better understanding of the pathophysiology
of RRD and its morphological stages,'? and
the process of healing during reattachment.'?
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Figure 3. Fundus autofluorescence three months
after retinal detachment repair demonstrates . -
anatomic reattachment with retinal displacement ~ 'ctina abnormalities, such as
as evidenced by presence of retinal vessel printings ELM disruption™'" and 1Z

(red arrows).

Multimodal imaging

Imaging modalities are also used to visualize
and comprehend the changes that the reti-
na undergoes with different treatment mo-
dalities (i.e., PPV vs. pneumatic retinopexy
[PnR]," or laser retinopexy vs cryopexy').
Understanding these changes allows us to
consider ways to improve or modify our sur-
gical techniques to improve postoperative
outcomes.

The following are the imaging modalities
that can be useful in the management of
RRD.

Optical coherence tomography

Several studies have used OCT to evaluate
changes in the outer retina bands after RRD
repair and have demonstrated the associa-
tion of microstructural abnormalities with
suboptimal functional outcomes.*'*!*!7 The
microstructural imaging analysis of the fovea
involved assessing for discontinuity of the
outer retinal bands, specifically the external
limiting membrane, ellipsoid zone and the
interdigitation zone (IZ) (Figure 1, page 28),
and the presence of outer retinal folds (ORFs)
(Figure 2, page 29).

Researchers at Osaka University in Japan
reported that postoperative integrity of the
ELM and EZ are significant predictors of
postoperative best-corrected visual acuity.
Another team of Japanese re-
searchers at Nagoya Univer-
sity supported these findings
by demonstrating that BCVA
correlated with thickness of
the EZ to retinal pigment ep-
ithelium layer."’

Our group’s post-hoc analy-
sis of a randomized controlled
trial demonstrated that pres-
ence of ORFs was associated
with worse visual acuity after
RRD repair.'® Several other
authors have demonstrat-
ed significant associations of
metamorphopsia with outer

discontinuity.” Presence of
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aniseikonia were also associated with OCT
changes. The Tsukuba University researchers
in Japan demonstrated that a disrupted EZ
was associated with aniseikonia.®

OCT angiography

OCT-A is a noninvasive way to both
qualitatively and quantitatively assess the
retinal vasculature following RRD repair.
By enabling visualization of the superficial
and deep capillary plexus (SCP and DCP),
OCT-A also facilitates measurement of the
foveal avascular zone (FAZ) size. Previous
studies have shown that patients who under-
go RRD repair exhibit FAZ enlargement at
both the SCP and DCP compared to their
contralateral normal eye.

Additionally, patients with macula-off
RRD tend to have a larger FAZ than those
with macula-on RRD." Increased FAZ rep-
resents ischemia, which correlates with worse
visual acuity. This can be a useful biomarker
to compare outcomes of different surgical
techniques.

Ultra-widefield swept-source OCT

UWEF-SS-OCT is a novel imaging system
that delivers exceptional imaging capabilities
for a wide range of retinal pathologies, ex-
tending even to the far periphery of the retina.
In our recent study, we employed the newly
available ultra-widefield confocal scanning
laser ophthalmoscopy (GSLO) with single-
capture integrated guided swept-source OCT
to evaluate the retinal and choroidal response
in the hours and days after laser retinopexy
and cryopexy."” We observed microstructural
alterations consistent with chorioretinal ad-
hesion almost immediately at one hour after
laser retinopexy, whereas such changes were
only apparent on postprocedure day six in
the case of cryopexy.”

We can’t overstate the significance of these
findings because they have a direct bearing
on the success of RRD repair. The ability
to achieve immediate adhesion following
retinopexy can confer a distinct advantage,
particularly in procedures such as PnR.
UWEF-SS-OCT also demonstrated that laser



retinopexy was less traumatic, with preserva-
tion of the choroidal vasculature compared
with cryopexy.

Fundus autofluorescence

Researchers have shown recent interest in
retinal displacement detected by the presence
of retinal vessel printings on FAF imaging
(Figure 3) after RRD repair. This is another
important imaging biomarker that has been
associated with suboptimal functional out-
comes after RRD repair when OCT doesn’t
find discernible abnormalities. Swiss inves-
tigators demonstrated that the presence of
retinal displacement is associated with worse
metamorphopsia.'” Another large study by
our group illustrated that the presence of ret-
inal displacement was associated with worse
aniseikonia.”

Researchers in the United Kingdom found
that the amplitude of retinal displacement
was associated with worse BCVA.?' Because
of these inconsistent findings, our group re-
cently conducted a large comprehensive ret-
rospective study that considered all imaging
modalities and functional outcomes. Our
findings indicated that the presence of retinal
displacement had a significant impact on
both BCVA and aniseikonia.?

Adaptive optics imaging

There’s limited information regarding the
morphological and functional restoration
of photoreceptors after undergoing retinal
detachment repair. Adaptive optics (AO) im-
aging of the retina allows for en face visual-
ization of individual cones and quantitative
evaluation of the cone mosaic (Figure 4). AO
imaging can be another important biomark-
er that allows assessment of individual cone
photoreceptors that can’t be resolved with
current commercial OCT technology due to
its limited transverse resolution. This may be
useful in assessing cone recovery and photo-
receptor integrity after RRD repair.

Several authors have described improve-
ments in cone density after RRD repair with
time but also noted that it was still signifi-
cantly lower compared to the healthy fellow

1 Week

100 microns

Cone Density

Cone Spacing
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Figure 4. Adaptive optics images of a patient with fovea-split retinal detachment
demonstrate visible cones as early as one week after pneumatic retinopexy (PnR). A)
Near-infrared image of the macula two hours after face- down positioning post-PnR. B)
Montage shows visible cones one week after PnR. C) The cone mosaic at eccentricity 2
degrees superonasal to the fovea. The analyzed region of interest (D, E) demonstrates a
progressive increase in cone density (F, G) and reduction in cone spacing (H, I) following
PnR. (Colors may differ from those seen in the clinic due to printing limitations.)
eye.”* Investigators have also demonstrated
that cone density significantly correlated with
visual acuity® and mean retinal sensitivity
measured with microperimetry,?* but no data
to date exist on the association of changes to
the cone mosaic with metamorphopsia or
aniseikonia.

Increasing evidence suggests that the retina
can be stretched, leading to retinal displace-
ment following RRD repair, particularly
related to the large gas bubble employed
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Multimodal imaging

with PPV. Analysis of cone spacing with AO
imaging may be a valuable imaging modality
to provide additional information regarding
changes to the photoreceptors immediately
following RRD repair and its association
with metamorphopsia or aniseikonia.

Our group recently demonstrated that it’s
possible to visualize and evaluate the macu-
lar cones using AO imaging as soon as one
week after PnR.* During the early stages of
structural restoration following RRD repair,
AO imaging may demonstrate cone mosaic
recovery. Cone density increase and cone
spacing reduction seen even before outer
retinal band restoration is observed on OCT.
AO 1maging may make it possible to assess
the photoreceptors more effectively during
the initial phases of recovery following RRD
repair. This could potentially facilitate com-
parative analyses of the cone mosaic across
different surgical techniques.

Bottom line

In the current era of retinal detachment
repair, we believe the definition of a successful
repair has undergone a significant shift from
simply achieving anatomic reattachment
with the least number of procedures to now
encompassing the attainment of structural
integrity of the reattachment.

Multimodal imaging plays an essential role
in achieving the integrity of the attachment
because it allows for visualization of the phys-
1ological and pathophysiological reattach-
ment, providing several novel biomarkers
that can be used to assess outcomes and pre-
dict long-term prognosis for patients. These
imaging biomarkers also provide useful out-
come measures for future clinical trials that
will compare various treatments for retinal
detachment repair. ©
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Update on mitochondrial stabilizers

Also from the Angiogenesis, Exudation, and Degeneration meeting, emerging treatments for
nAMD and MacTel2, and a marker for anti-VEGF success in ROP
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erhaps the most anticipated retina
meeting of the first half of the year
is Angiogenesis, Exudation, and De-
generation sponsored by Bascom

Palmer Eye Institute, University of Miami

Miller School of Medicine. Held again vir-

tually last month, the program extended

over two days with 11 different sessions on
the latest findings for new therapies and
strategies for retinal diseases.

Here, we review five abstracts that we
think deserve a second look:

* An update on mitochondrial stabilizing
agents in nonexudative age-related mac-
ular degeneration.

* Updated results of a trial of an axitinib in-
travitreal implant for neovascular AMD.

¢ Interim results of efdamrofusp alfa, also
known at IBI302, for nAMD.

* Results from a Phase III trial of cell-based
therapy for macular telangiectasia type 2.

* A deep dive into anti-VEGTF trials in reti-
nopathy of prematurity.

Potential markers for vision
restoration in dry AMD

The mitochondrial stabiliz-
~ [ ing agents risuteganib (Al-

legro Pharmaceuticals) and
elemipretide (Stealth Biother-
apeutics) have demonstrated a signal for
restoring functional vision in intermediate
non-neovascular AMD patients with high
levels of anatomical integrity, according to
an analysis of trials for both agents.'
Mitochondrial defects are a hallmark of
AMD. Baruch D. Kuppermann, MD, PhD,
noted that elamipretide stabilizes cristae
architecture and electron transport chain
structure during oxidative stress by binding
to cardiolipin in the inner mitochondrial
membrane. Risuteganib preserves mito-
chondrial structures in retinal pigment epi-
thelium cells under stress. Dr. Kuppermann
is the Steinert Endowed Professor and chair
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of ophthalmology and director of the Gavin
Herbert Eye Institute at the University of
California Irvine.

He focused on the Phase Ila trial of ri-
suteganib 1 mg (n=40), with 25 receiving
treatment and 15 in the sham arm. The
treatment group received risuteganib at
baseline and 16 weeks, with an endpoint
analysis at 28 weeks. The final endpoint
evaluation for the sham group was 12
weeks, but at 16 weeks they crossed over to
get a risuteganib injection.

Best-corrected visual acuity improve-
ment in the treatment vs. sham arms were:
>8-letter improvement, 48 vs. 7.1 percent
(p=0.013); 210-letter improvement, 32 and
7.1 percent (p=0.118); and >20-letter im-
provement, 20 and 0 percent (p=0.139).

The analysis also captured predictors of
response to risuteganib. While age, race/
ethnicity and genotype didn’t correlate with
response, baseline optical coherence to-
mography findings did. Predictors include
enhanced ellipsoid zone integrity, greater
outer retinal thickness and decreased levels
of geographic atrophy. Future clinical trials
need to establish thresholds such as EZ and
RPE thickness to cull study populations, Dr.
Kuppermann said.

DISCLOSURE: Dr. Kuppermann is a consul-
tant and researcher for Allegro Ophthalmis.

Bispecific antibody shows
_improvement in nAMD

¢ Thirty—six—week results of a
13« N Phase II trial of the bispe-
cific protein efdamrofusp alfa
(IBI302, Innovent Biologics)
demonstrated that 2- and 4-mg doses were
well-tolerated in nAMD patients and led to
improvements in BCVA and central sub-
field thickness.?

Xiaodong Sun, MD, professor of the

National Clinical Research Center for Eye
Disease and Shanghai General Hospital,



described IBI302 as a novel bispecific de-
coy receptor fusion protein that targets
vascular endothelial growth factor and the
complement C3b/C4b pathways. He re-
ported on a trial in China that enrolled 231
patients randomized 1:1:1 to IBI302 2 or 4
mg and aflibercept 2 mg. Eligibility crite-
ria included choroidal neovascularization
secondary to nAMD with BCVA 24 to 73
letters and age 50 years or older.

Changes in BCVA were 11.22 + 10.8,
12.06 + 11.75 and 12.46 + 9.62 letters for
the 2- and 4-mg IBI302 and aflibercept
arms, respectively. The comparable pro-
portion of patients who gained =10 letters
were 45.45, 46.75 and 51.95 percent.

Reductions in GST were —132, —156 and
—148 pum in the respective arms. Fibrosis
rates were comparable across the three
arms, but the rate of macular atrophy was
lowest in the IBI302 4-mg arm, 2.6 percent
vs. 5.19 and 7.79 percent in the IBI302
2-mg and aflibercept arms, respectively.

Safety profiles across all three arms were
also comparable, Dr. Sun said. No cases of
occlusive retinal vasculitis were reported.
Full 52-week data are pending and a Phase
IIT trial is upcoming.

DISCLOSURES: Dr. Sun is a consultant to
Novartis, Roche, Bayer and Innovent.

Ny Axitinib implant outcomes
extend to 10 months
| Updated results of a Phase
I trial of an intravitreal
A hydrogel implant using the
LA tyrosine kinase inhibitor
(TKI) axitinib for treatment of nAMD
showed that previously reported outcomes

of 73 percent of treated patients remaining
rescue free at seven months were main-
tained out to 10 months.’

Andrew A. Moshfeghi, MD, MBA, asso-
ciate professor at the Keck School of Med-
icine, University of Southern California
Roski Eye Institute, reported the interim
10-month data of the trial that randomized
patients 3:1 to the axitinib implant OTX-
TKI (Ocular Therapeutix) or aflibercept

(n=20). Implant recipients had a 92 percent
reduction in anti-VEGF injections at 10
months.

Axitinib is a highly selective inhibitor of
all vascular endothelial and platelet-de-
rived growth factors. The implant is de-
livered via a 25-gauge needle and gets re-
sorbed in six to 12 months.

Inclusion criteria included response to
anti-VEGTF therapy and control of macu-
lar exudation at enrollment. Patients had
their last anti-VEGF treatment one month
before screening. OTX-TKI patients were
dosed at baseline. Aflibercept patients
received a sham dose at baseline. At one
month, patients in both arms received the
mandatory aflibercept injection. After that,
aflibercept patients were treated every
eight weeks. Rescue treatments were at the
treating investigator’s discretion.

Vision and CST changes were compa-
rable between both groups. BCVA change
from baseline to month 10 was —0.3 (stan-
dard deviation 5.1) letters and —0.8 (2.8)
letters in the OTX-TKI and aflibercept
arms. Mean change in CST was —1.3 (23.7)
and —4.5 (4.4) Lm in the respective arms.

No ocular or systemic serious adverse
events were reported in either arm. The
study is ongoing and the next data report
is due after the 12-month endpoint. A sep-
arate Phase I trial is under way in diabetic
retinopathy.

DISCLOSURES: Dr. Andreww Moshfeghi is a
consultant to and shareholder in Ocular Therapeu-
tix and Regeneron Pharmaceuticals.

Cell-based therapy to treat

MacTel2

INT—501 (Neurotech) is an
intraocular implant de-

signed to deliver a ciliary

neurotrophic factor in eyes
with macular telangiectasia type 2 (Mac-
Tel). Topline 24-month data from two par-
allel Phase III trials showed the treatment
significantly reduced progression of EZ loss
at 24 months.*

The trials, the first to demonstrate effi-
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Upated
results of a
Phase I trial
of an intravit-
real hydrogel
implant
using axitinib
for nAIVID
showed that
13 percent of
treated
patients were
rescue-free at
10 months.
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The data
demonstrate
that ROP
studies need
to account for
imbalances
in absolute
avascular
retina area
coupled with
titrated PRP
vs. fixed-dose
anti-VEGF.

cacy of a cell-based therapy delivering a
neuroprotective cytokine to treat a neuro-
degenerative retinal disease, enrolled 224
patients. Entry criteria included a narrow
range for EZ and absence of hyper-reflec-
tivity on imaging, said Martin Friedlander,
MD, PhD, professor of molecular medi-
cine, Scripps Research Institute, chief of
retina services at the Scripps Clinic, and
president of the Lowy Medical Research
Institute in La Jolla, California.

The progression rate of EZ area loss
for control/sham patients was similar to
that observed in the natural history study,
ranging from 0.5 to 0.7 mm?” at 24 months.
In study B, the treatment group had a
27.8-percent reduction in the rate of EZ
area loss compared to sham (p=0.0294). In
the intent-to-treat analysis, the treatment
group had a 29.2 percent reduction in EZ
area loss rate vs. sham (p=0.021).

In study A, the effect at 24 months was
even more pronounced for the treatment
arm: a 55.9 percent reduction in progres-
sion in the per-protocol analysis (p<0.0001)
and a 56.4 percent reduction in the intent-
to-treat analysis (p<0.0001).

Next steps are to identify treatment re-
sponders or to show if earlier intervention
has more impact on outcomes. An analysis
of secondary endpoints and a meta-analy-
sis are also planned, Dr. Friedlander said.

DISCLOSURE: Dr. Friedlander has no rela-
tionships to disclose.

Avascular retina area
potential target in ROP
The absolute avascular

retina area in eyes with
: ROP may be a key factor for
' dosing anti-VEGF therapy to
treat the inherited retinal disorder, accord-
ing to an analysis of four clinical trials that
compared anti-VEGF and laser panretinal
photocoagulation.’

The analysis included the following tri-
als: BEAT-ROP, with bevacizumab 0.5 mg;
RAINBOW with ranibizumab 0.2 and 0.4
mg; and FIREFLEYE and BUTTERFL-
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EYE, both with aflibercept 0.4 mg. Darius
Moshfeghi, MD, professor of ophthalmolo-
gy and chief of the retina division at Byers
Eye Institute, Stanford University School
of Medicine, Palo Alto, California, noted
that the anti-VEGF medications “under-
performed” expectations across the board.
Only one arm in the BEAT-ROP trial—
eyes with zone 1 ROP—met expectations.

BEAT-ROP is notable because it used
50 percent of the adult dose of bevaci-
zumab, whereas the other trials used 20
to 40 percent of the adult dose. Meanwhile
across all the trials, the efficacy of PRP
improved over time. If done properly, the
extent of laser treatment is titrated based
on the amount of avascular retina, whereas
anti-VEGF therapy is based on fixed dos-
ing. “It’s an unfair fight a priori when you
start off because we’re tailoring the laser
but we’re not tailoring the anti-VEGT ther-
apy,” Dr. Darius Moshfeghi said.

The data demonstrate that ROP studies
need to account for imbalances in absolute
avascular retina area coupled with titrated
PRP vs. fixed-dose anti-VEGF. The find-
ings may be applicable to other pediatric
retinopathies, most notably familial exuda-
tive vitreoretinopathy (FEVR). However,
studies of FEVR also need to account for
the role of lipids as well as neovasculariza-
tion and ischemia, he said.

DISCLOSURES: Dr. Darius Moshfeghi has
no relevant relationships to disclose.

REFERENCES

1. Kuppermann BD. Reversing vision loss in dry AMD: Matching mechanism
with the right patient population and stage of disease: Risuteganib for
dry AMD. Paper presented at Angiogenesis, Exudation and Degeneration
Meeting Virtual; February 10, 2023.

24.Sun X, Lu S, Jia H, Li T, Qian L. Primary endpoint results of a Phase
Il study of IBI302 (efdamrofusp alfa): A bispecific protein targeting
VEGF & complement in patients with nAMD: Multi-center, randomized,
active controlled trial. Paper presented at Angiogenesis, Exudation and
Degeneration Meeting Virtual; February 11, 2023.

3. Moshfeghi AA, Couvillion SS, Eichenbaum DA, et al. Update on a hydrogel-
based axitinib implant (OTX—TKI) for the treatment of neovascular age-
related macular degeneration. Paper presented at Angiogenesis, Exudation
and Degeneration Meeting Virtual; February 11, 2023.

4. Friedlander M. Results of the Phase 3 MacTel 2 CNTF trial: It worked!!
Paper presented at Angiogenesis, Exudation and Degeneration Meeting
Virtual; February 11, 2023.

5. Moshfeghi D, Wang SK, Moshfeghi HP, et al. Avascular retina as the risk
factor for failure in BEAT ROP and anti-VEGF clinical trials. Paper presented
at Angiogenesis, Exudation and Degeneration Meeting Virtual; February
11,2023.



SOCIAL

MEDIA
SPECIALIST

Department Editor Jayan

t

=
[ %)

ridhar, MID

The physician as social media vanguard

When social media, public education and human rights collide, what is the physician’s

responsibility?

t’s an honor to take over the “Social Me-
dia Specialist” column from Dr. David
Almeida. Dr. Almeida’s prior work cov-
ered, and future articles in this section
will cover, the what, how and why for opti-
mizing social media in your practice.

One of the largest questions we face as
physicians today is the question of when.
That is, when do our Hippocratic oaths on
nonmaleficence and beneficence compel us
to speak out and use social media to educate
the general public?

Social media’s impact crosses interna-
tional borders and simultaneously tantalizes
with the possibility for mass public educa-
tion on a scale previously impossible, while
also shining a light on biased commercial
influence, misinformation pundits and un-
scientific postulates masquerading as “need-
to-know truths.”

Lessons from the pandemic

The inability for laypeople to distinguish
medical fact from fiction became a major is-
sue in the early stages of the COVID-19 pan-
demic. Whether it was discussion of chemi-
cal bleach to treat a viral illness, murmuring
that the pandemic was a hoax or questioning
of the legitimacy of the COVID-19 vaccine,
physicians were confronted with potentially
life-threatening social media-driven narra-
tives daily.

Many physicians appropriately viewed it
as a responstbility to create posts, tweets and
videos using their credentials and utilizing
data-driven information to bring light to the
social media darkness of false science.

Beyond basic medical advice

Does this scope extend beyond giving ba-
sic medical advice? Unfortunately, many
examples of human rights violations exist in
today’s world. Relevant to ophthalmology,
protests have run rampant in Iran in the
wake of government crackdowns and killings

Quotable

I foresee a responsibility and a
privilege for us to be leaders for
health not only on a scientific
level, but also on a human rights
and compassion level.

of nonviolent dissenters. Government secu-
rity forces have been instructed to shoot for
the eyes of protesters with bird-shot bullets,
resulting in severe ocular injuries.

Moreover, police have been positioned
in ambulances, hospitals and urgent care
clinics to force physicians to deny medical
attention to injured ophthalmology patients.
As a result, Iranians are spreading misinfor-
mation on social media to avoid ophthal-
mology care following chemical or blunt
mjury. Laypeople even created DIY videos
showing improper and unsterile techniques
for removing periocular and intraocular
foreign bodies at home.

Where wefitin

Where do physicians enter into this equa-
tion? In the end, we as ophthalmologists are
committed by oath to protect health. At the
very least, pushing educational content on
social media on when to seek professional
care for eye injuries is necessary.

Iwould argue that we should move beyond
that to bring light to the plight of attacked
and oppressed individuals throughout the
world, including in Iran, when the line is
crossed by an oppressor with the targeting of
that most basic human right: health.

As social media continues to rapidly evolve
and transform, we’ll see more blurring of the
lines of traditional professional boundaries.

I foresee a responsibility and a privilege
for our profession to be leaders for health
not only on a scientific level, but also on a
human rights and compassion level. @

By Jayanth Sridhar, MD
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A pill to head off worsening of DRSS

A Phase Il trial is on deck for the oral Ref-1 inhibitor APX3330 after a Phase IIb study
showed a potential benefit.

With Peter K. Kaiser, MID
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PX3330 1s an investigative oral treat-

ment for diabetic eye disease that

has demonstrated the potential to

reduce proinflammatory and hy-
poxic signaling that contributes to diabetic
retinopathy. Recently reported results from
the ZE'TA-1 Phase IIb trial didn’t meet the
primary study endpoint, which was a more
than two-step improvement in the Diabetic
Retinopathy Severity Scale score; 8 per-
cent of patients in both the treatment and
placebo groups met the endpoint (p=0.93).
However, the trial demonstrated a systemic
and ocular safety profile.!

The Phase IIb trial, however, did meet
what the trial sponsor and investigators say
is an important secondary endpoint of pre-
venting clinical meaningful progression of
diabetic retinopathy after 24 weeks.

Here, Peter K. Kaiser, MD, professor
at the Cole Eye Institute of the Cleveland
Clinic, and a paid consultant and investiga-
tor for Ocuphire, follows up on his recent
presentation of results from the Phase IIb

trial.!

How would you describe the
mechanism of action of APX3330?
APX3330 is a Ref-1, or reduction-ox-
idation effector factor-1, inhibitor.
Ref-1 is upstream of cis-1 alpha, which is
upstream of vascular endothelial growth
factor. In diabetes, Ref-1 is elevated, which
increases cis-1 and VEGEF, and we know

what VEGF does.

0 What can you tell us about the
design of the Zeta-1 Phase lIb trial?
It evaluated the 600-mg daily dose of
APX3330 compared with placebo.
Patients had nonprolifertive DR or moder-
ate to severe proliferative DR. The primary
outcome of a two-step improvement in
DRSS is the same primary outcome for piv-
otal trials of ranibizumab and aflibercept.
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0 What was the key secondary
outcome?

The secondary outcomes were things

that people don’t think about that of-
ten with trials in diabetic eye disease, but
because APX3330 1s a pill that affects both
eyes, we evaluated both eyes and reported
binocular results. That meant a three-step
improvement or worsening of DRSS in
both eyes.

However, because APX3330 has been
evaluated in so many other previous studies
in other diseases, a dose-escalation study
wasn’t needed. We already knew the 600-mg
dose was more than adequate and safe.

What else did the trial reveal

about APX3330?

Interestingly, in the fellow eye there

was a very a large trend of 27 percent
vs. 5 percent for placebo that met the prima-
ry endpoint, but this wasn’t statistically sig-
nificant (p=0.2).

What about improvement or

worsening of DRSS?

In the APX3330 group, no patients

had the =3-step worsening in DRSS
at 24 weeks in both eyes compared to 16
percent in the placebo group (p=0.04).
There was also a trend in the opposite direc-
tion: 11 percent of APX3330 patients had a
=3-step improvement vs. 6 percent (p)=0.38).

What's next in the development

of APX3330?

Because of the Phase II results, the

primary outcome for the Phase III
trial would be prevention of three-step wors-
ening DRSS. So the next step 1s to get sign-
off on the Phase III registration study. @

REFERENCE

1, Kaiser PK. Efficacy and safety data for APX3330, a novel oral drug candidate for
DR/DME from the ZETA-1 Phase 2b trial. Paper presented at Angiogenesis, Exudation
and Degeneration Meeting Virtual; February 11,2023,



BRIEF SUMMARY—Please see the EYLEA
full Prescribing Information available
on HCP.EYLEA.US for additional

product information.

\Q\EYLEA

(afllbercept) Injection
For Intravitreal Injection

1INDICATIONS AND USAGE

EYLEA is a vascular endothelial growth factor (VEGF) inhibitor indicated for the treatment of patients with:

Neovascular (Wet) Age-Related Macular Degeneration (AMD), Macular Edema Following Retinal Vein Occlusion (RVO), Diabetic
Macular Edema (DME), Diabetic Retinopathy (DR).

4 CONTRAINDICATIONS

4.10cular or Periocular Infections

EYLEA is contraindicated in patients with ocular or periocular infections.

4.2 Active Intraocular Inflammation

EYLEAis contraindicated in patients with active intraocular inflammation.

4.3 Hypersensitivity

EYLEA is contraindicated in patients with known hypersensitivity to aflibercept or any of the excipients in EYLEA. Hypersensitivity
reactions may manifest as rash, pruritus, urticaria, severe anaphylactic/anaphylactoid reactions, or severe intraocular inflammation.

5 WARNINGS AND PRECAUTIONS

5.1 Endophthalmitis and Retinal Detachments

Intravitreal injections, including those with EYLEA, have been associated with endophthalmitis and retinal detachments [see Adverse
Reactions (6.1)]. Proper aseptic injection technique must always be used when administering EYLEA. Patients should be instructed
to report any symptoms suggestive of endophthalmitis or retinal detachment without delay and should be managed appropriately
[see Patient Counseling Information (17)].

5.2 Increase in Intraocular Pressure

Acute increases in intraocular pressure have been seen within 60 minutes of intravitreal injection, including with EYLEA [see Adverse
Reactions (6.1)]. Sustained increases in intraocular pressure have also been reported after repeated intravitreal dosing with vascular
endothelial growth factor (VEGF) inhibitors. Intraocular pressure and the perfusion of the optic nerve head should be monitored and
managed appropriately.

5.3 Thromboembolic Events

There is a potential risk of arterial thromboembolic events (ATEs) following intravitreal use of VEGF inhibitors, including EYLEA. ATEs
are defined as nonfatal stroke, nonfatal myocardial infarction, or vascular death (including deaths of unknown cause). The incidence of
reported thromboembolic events in wet AMD studies during the first year was 1.8% (32 out of 1824) in the combined group of patients
treated with EYLEA compared with 1.5% (9 out of 595) in patients treated with ranibizumab; through 96 weeks, the incidence was
3.3% (60 out of 1824) in the EYLEA group compared with 3.2% (19 out of 595) in the ranibizumab group. The incidence in the DME
studies from baseline to week 52 was 3.3% (19 out of 578) in the combined group of patients treated with EYLEA compared with
2.8% (8 out of 287) in the control group; from baseline to week 100, the incidence was 6.4% (37 out of 578) in the combined group of

Table 2: Most Common Adverse Reactions (=1%) in RVO Studies

CRVO BRVO

EYLEA Control EYLEA Control
Adverse Reactions (N=218) (N=142) (N=91) (N=92)
Eye pain 13% 5% 4% 5%
Conjunctival hemorrhage 12% 1% 20% 4%
Intraocular pressure increased 8% 6% 2% 0%
Corneal epithelium defect 5% 4% 2% 0%
Vitreous floaters 5% 1% 1% 0%
Ocular hyperemia 5% 3% 2% 2%
Foreign body sensation in eyes 3% 5% 3% 0%
Vitreous detachment 3% 4% 2% 0%
Lacrimation increased 3% 4% 3% 0%
Injection site pain 3% 1% 1% 0%
Vision blurred 1% <1% 1% 1%
Intraocular ion 1% 1% 0% 0%
Cataract <1% 1% 5% 0%
Eyelid edema <1% 1% 1% 0%

Less common adverse reactions reported in <1% of the patients treated with EYLEA in the CRVO studies were corneal edema, retinal
tear, hypersensitivity, and endophthalmitis.

Diabetic Macular Edema (DME) and Diabetic Retinopathy (DR). The data described below reflect exposure to EYLEA in 578 patients
with DME treated with the 2-mg dose in 2 double-masked, controlled clinical studies (VIVID and VISTA) from baseline to week 52 and
from baseline to week 100.

Table 3: Most Common Adverse Reactions (=1%) in DME Studies

patients treated with EYLEA compared with 4.2% (12 out of 287) in the control group. There were no reported thr
in the patients treated with EYLEA in the first six months of the RVO studies.

6 ADVERSE REACTIONS

The following potentially serious adverse reactions are described elsewhere in the labeling:

« Hypersensitivity [see Contraindications (4.3)]

« Endophthalmitis and retinal detachments [see Warnings and Precautions (5.1)]

« Increase in intraocular pressure [see Warnings and Precautions (5.2)]

* Thromboembolic events [see Warnings and Precautions (5.3)]

6.1 Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials of a drug
cannot be directly compared to rates in other clinical trials of the same or another drug and may not reflect the rates observed

in practice.

Atotal of 2980 patients treated with EYLEA constituted the safety population in eight phase 3 studies. Among those, 2379 patients
were treated with the recommended dose of 2 mg. Serious adverse reactions related to the injection procedure have occurred in <0.1%
of intravitreal injections with EYLEA including endophthalmitis and retinal detachment. The most common adverse reactions (=5%)
reported in patients receiving EYLEA were conjunctival hemorrhage, eye pain, cataract, vitreous detachment, vitreous floaters, and
intraocular pressure increased.

Neovascular (Wet) Age-Related Macular Degeneration (AMD). The data described below reflect exposure to EYLEA in 1824 patients
with wet AMD, including 1223 patients treated with the 2-mg dose, in 2 double-masked, controlled clinical studies (VIEW1and VIEW2)
for 24 months (with active control in year 1).

Safety data observed in the EYLEA group in a 52-week, double-masked, Phase 2 study were consistent with these results.

Table 1: Most Common Adverse Reactions (=1%) in Wet AMD Studies

Baseline to Week 52 Baseline to Week 100
EYLEA Control EYLEA Control
Adverse Reactions (N=578) (N=287) (N=578) (N=287)
Conjunctival hemorrhage 28% 7% 3% 2%
Eye pain 9% 6% 1% 9%
Cataract 8% 9% 19% 17%
Vitreous floaters 6% 3% 8% 6%
Corneal epithelium defect 5% 3% 7% 5%
Intraocular pressure increased 5% 3% 9% 5%
QOcular hyperemia 5% 6% 5% 6%
events  Vitreous detachment 3% 3% 8% 6%
Foreign body sensation in eyes 3% 3% 3% 3%
Lacrimation increased 3% 2% 4% 2%
Vision blurred 2% 2% 3% 4%
Intraocular i ion 2% <1% 3% 1%
Injection site pain 2% <1% 2% <1%
Eyelid edema <1% 1% 2% 1%

Less common adverse reactions reported in <1% of the patients treated with EYLEA were hypersensitivity, retinal detachment, retinal
tear, corneal edema, and injection site hemorrhage.

Safety data observed in 269 patients with nonproliferative diabetic retinopathy (NPDR) through week 52 in the PANORAMA trial were
consistent with those seen in the phase 3 VIVID and VISTA trials (see Table 3 above).

6.2 Immunogenicity

As with all therapeutic proteins, there is a potential for an immune response in patients treated with EYLEA. The immunogenicity

of EYLEA was evaluated in serum samples. The immunogenicity data reflect the percentage of patients whose test results were
considered positive for antibodies to EYLEA in immunoassays. The detection of an immune response is highly dependent on the
sensitivity and specificity of the assays used, sample handling, timing of sample collection, concomitant medications, and underlying
disease. For these reasons, comparison of the incidence of antibodies to EYLEA with the incidence of antibodies to other products may
be misleading.

In the wet AMD, RVO, and DME studies, the pre-treatment incidence of immunoreactivity to EYLEA was approximately 1% to 3% across
treatment groups. After dosing with EYLEA for 24-100 weeks, antibodies to EYLEA were detected in a similar percentage range of
patients. There were no differences in efficacy or safety between patients with or without immunoreactivity.

Baseline to Week 52 Baseline to Week 96 8USE IN SPECIFIC POPULATIONS
. 8.1 Pregnancy
Active Control Control Risk Summary
) EYLEA (ranibizumab) EYLEA (ranibizumab) Adequate and well-controlled studies with EYLEA have not been conducted in pregnant women. Aflibercept produced adverse

Advgrse Reactions (N=1824) (N=595) (N=1824) (N=595) embryofetal effects in rabbits, including external, visceral, and skeletal malformations. A fetal No Observed Adverse Effect Level
Conjunctival hemorrhage 25% 28% 21% 30% (NOAEL) was not identified. At the lowest dose shown to produce adverse embryofetal effects, systemic exposures (based on AUC for
Eye pain 9% 9% 10% 10% free aflibercept) were approximately 6 times higher than AUC values observed in humans after a single intravitreal treatment at the
Cataract 7% 7% 3% 0% recommended clinical dose [see Animal Data].
Vitreous detachment % 5% % % Animal reproduction studies are not always predictive of human response, and it is not known whether EYLEA can cause fetal harm

- n“ u° u“ : when administered to a pregnant woman. Based on the anti-VEGF mechanism of action for aflibercept, treatment with EYLEA may
Vitreous floaters 6% 7% 8% 10% pose a risk to human embryofetal development. EYLEA should be used during pregnancy only if the potential benefit justifies the
Intraocular pressure increased 5% 7% 7% 1% potential risk to the fetus.
Ocular hyperemia 4% 8% 5% 10% All pregnancies have a background risk of birth defect, loss, or other adverse outcomes. The background risk of major birth defects

thali o o 0 and miscarriage for the indicated population is unknown. In the U.S. general population, the estimated background risk of major birth
Corneal defect 4% 5% 5% 6% defects and in clnicall ized esis 2-4% and 15.20% ivel
Detachment of the refinal pigment epithei % % % % lefects and miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively.
Injection site pain 3% % 3% % E%‘_a oot
oni D D D D nimal Data

[orev\ on tb ody sensatlgn In eyes ;;“ ?uf jof’ g.y/" In two embryofetal development studies, aflibercept produced adverse embryofetal effects when administered every three days

acrimation increase o o o o during to pregnant rabbits at intravenous doses =3 mg per kg, or every six days during organogenesis at subcutaneous
Vision blurred 2% 2% 4% 3% doses >0.1mg per kg.
Intraocular ion 2% 3% 3% 4% Adverse embryofetal effects included increased incidences of postimplantation loss and fetal malformations, including anasarca,
Retinal pigment epithelium tear 2% % 2% 2% umbilical hernia, diaphragmatic hernia, gastroschisis, cleft palate, ectrodactyly, intestinal atresia, spina bifida, encephalomeningocele,
Injection site hemorrhage % 2% 2% 2% heart and major vessel defects, and skeletal malformations (fused vertebrae, sternebrae, and ribs; supernumerary vertebral arches
Eyelided % 2% 2% 3% and ribs; and incomplete ossification). The maternal No Observed Adverse Effect Level (NOAEL) in these studies was 3 mg per kg.

yelid edema Q" - u“ 0" Aflibercept produced fetal malformations at all doses assessed in rabbits and the fetal NOAEL was not identified. At the lowest
Corneal edema 1% 1% 1% 1% dose shown to produce adverse embryofetal effects in rabbits (0.1 mg per kg), systemic exposure (AUC) of free aflibercept was
Retinal detachment <1% <1% 1% 1% approximately 6 times higher than systemic exposure (AUC) observed in humans after a single intravitreal dose of 2 mg.

Less common serious adverse reactions reported in <1% of the patients treated with EYLEA were hypersensitivity, retinal tear, and
endophthalmitis.

Macular Edema Following Retinal Vein Occlusion (RVO). The data described below reflect 6 months exposure to EYLEA with a
monthly 2 mg dose in 218 patients following central retinal vein occlusion (CRVO) in 2 clinical studies (COPERNICUS and GALILEQ)
and 91 patients following branch retinal vein occlusion (BRVO) in one clinical study (VIBRANT).
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8.2 Lactation

Risk Summary

There is no information regarding the presence of aflibercept in human milk, the effects of the drug on the breastfed infant, or the
effects of the drug on milk production/excretion. Because many drugs are excreted in human milk, and because the potential for
absorption and harm to infant growth and development exists, EYLEA is not recommended during breastfeeding.

The developmental and health benefits of breastfeeding should be considered along with the mother’s clinical need for EYLEA and any
potential adverse effects on the breastfed child from EYLEA.

8.3 Females and Males of Reproductive Potential

Contraception

Females of reproductive potential are advised to use effective contraception prior to the initial dose, during treatment, and for at least
3months after the last intravitreal injection of EYLEA.

Infertility

There are no data regarding the effects of EYLEA on human fertility. Aflibercept adversely affected female and male reproductive
systems in cynomolgus monkeys when administered by intravenous injection at a dose approximately 1500 times higher than the
systemic level observed humans with an intravitreal dose of 2 mg. A No Observed Adverse Effect Level (NOAEL) was not identified.
These findings were reversible within 20 weeks after cessation of treatment.

8.4 Pediatric Use

The safety and effectiveness of EYLEA in pediatric patients have not been established.

8.5 Geriatric Use

In the clinical studies, approximately 76% (2049/2701) of patients randomized to treatment with EYLEA were =65 years of age and
approximately 46% (1250/2701) were >75 years of age. No significant differences in efficacy or safety were seen with increasing age
in these studies.

17 PATIENT COUNSELING INFORMATION

In the days following EYLEA administration, patients are at risk of developing endophthalmitis or retinal detachment. If the

eye becomes red, sensitive to light, painful, or develops a change in vision, advise patients to seek immediate care from an
ophthalmologist [see Warnings and Precautions (5.1)].

Patients may experience temporary visual disturbances after an intravitreal injection with EYLEA and the associated eye examinations
[see Adverse Reactions (6)]. Advise patients not to drive or use machinery until visual function has recovered sufficiently.



Start With EYLEA From the Q\EYLEA
First Injection in Wet AMD R

Demonstrated maintenance of vision  Effective regardless of fluid status

=95% of patients maintained their . Vi§ion outcomes in'patients yvith and
visgi(on (<(15 ETDRS Ie(;tters Ic)>13t) with EYLEA ‘:J:)g?:: szgglggggtent fluid (post hoc When You See Wet AM D,
at Year 1 (primary endpoint ' . . .
“VIEW 1 (n=605); VIEW 2 (n=615)"* Consider EYLEA First Line
Long-term vision outcomes Broad national coverage
« EYLEA maintained +7.1 letters of BCVA « 77% of lives have access to EYLEA
gain at Year 4 in the VIEW 1 extension first line, covering 236 million LEARN MORE
study (n=323)? lives nationwide** at hcp.eylea.us

VIEW 1and VIEW 2 Clinical Trial Designs: Two multicenter, double-masked clinical studies in which patients with Wet AMD (N=2412; age range: 49-99 years, with a mean
of 76 years) were randomized to receive: 1) EYLEA 2 mg Q8W following 3 initial monthly doses; 2) EYLEA 2 mg Q4W; 3) EYLEA 0.5 mg Q4W [not an approved dose]; or

4) ranibizumab 0.5 mg Q4W. Protocol-specified visits occurred every 28 (+3) days. In both studies, the primary efficacy endpoint was the proportion of patients with Wet AMD
who maintained vision, defined as losing <15 letters of visual acuity at Week 52, compared with baseline.!

VIEW 1 Extension Clinical Trial Design: Prospective, open-label, single-arm, multicenter, long-term safety and tolerability study of patients who completed VIEW 1through
Week 96 (n=323; mean age: 79 years). All patients received EYLEA 2 mg on a modified quarterly dosing schedule (maximum treatment interval: Q12W) that was later amended
to dosing at least Q8W through Week 212, The primary endpoint was the safety and tolerability of EYLEA.3

*Includes patients from both EYLEA Q4W and Q8W treatment arms. EYLEA was clinically equivalent to ranibizumab.

tEarly persistent fluid (intraretinal [cystic] or subretinal) was defined as presence of fluid at the first 4 visits (baseline, Week 4, Week 8, and Week 12) after having received 3 initial
monthly injections (baseline, Week 4, and Week 8) as seen on TD-OCT.

#Data represent payers across the following channels as of November 2022: Medicare Part B, Commercial, Medicare Advantage, and VA. Individual patient coverage is subject to
patient's specific plan.

IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS

- EYLEA is contraindicated in patients with ocular or periocular infections, active intraocular inflammation, or known hypersensitivity
to aflibercept or to any of the excipients in EYLEA.

WARNINGS AND PRECAUTIONS

- Intravitreal injections, including those with EYLEA, have been associated with endophthalmitis and retinal detachments. Proper aseptic injection
technique must always be used when administering EYLEA. Patients should be instructed to report any symptoms suggestive of endophthalmitis
or retinal detachment without delay and should be managed appropriately. Intraocular inflammation has been reported with the use of EYLEA.

- Acute increases in intraocular pressure have been seen within 60 minutes of intravitreal injection, including with EYLEA. Sustained
increases in intraocular pressure have also been reported after repeated intravitreal dosing with VEGF inhibitors. Intraocular
pressure and the perfusion of the optic nerve head should be monitored and managed appropriately.

- There is a potential risk of arterial thromboembolic events (ATEs) following intravitreal use of VEGF inhibitors, including EYLEA.
ATEs are defined as nonfatal stroke, nonfatal myocardial infarction, or vascular death (including deaths of unknown cause). The incidence
of reported thromboembolic events in wet AMD studies during the first year was 1.8% (32 out of 1824) in the combined group of patients
treated with EYLEA compared with 1.5% (9 out of 595) in patients treated with ranibizumab; through 96 weeks, the incidence was 3.3%
(60 out of 1824) in the EYLEA group compared with 3.2% (19 out of 595) in the ranibizumab group. The incidence in the DME studies from
baseline to week 52 was 3.3% (19 out of 578) in the combined group of patients treated with EYLEA compared with 2.8% (8 out of 287)
in the control group; from baseline to week 100, the incidence was 6.4% (37 out of 578) in the combined group of patients treated with
EYLEA compared with 4.2% (12 out of 287) in the control group. There were no reported thromboembolic events in the patients treated
with EYLEA in the first six months of the RVO studies.

ADVERSE REACTIONS

- Serious adverse reactions related to the injection procedure have occurred in <0.1% of intravitreal injections with EYLEA including
endophthalmitis and retinal detachment.

- The most common adverse reactions (>5%) reported in patients receiving EYLEA were conjunctival hemorrhage, eye pain, cataract,
vitreous detachment, vitreous floaters, and intraocular pressure increased.

- Patients may experience temporary visual disturbances after an intravitreal injection with EYLEA and the associated eye examinations.
Advise patients not to drive or use machinery until visual function has recovered sufficiently.

INDICATIONS

EYLEA® (aflibercept) Injection 2 mg (0.05 mL) is indicated for the treatment of patients with Neovascular (Wet) Age-related Macular Degeneration
(AMD), Macular Edema following Retinal Vein Occlusion (RVO), Diabetic Macular Edema (DME), and Diabetic Retinopathy (DR).

Please see Brief Summary of full Prescribing Information on the following page.

References: 1. EYLEA® (aflibercept) Injection full U.S. Prescribing Information. Regeneron Pharmaceuticals, Inc. August 2022. 2. Kaiser PK, Singer M, Tolentino M, et al. Long-term safety and visual outcome
of intravitreal aflibercept in neovascular age-related macular degeneration: VIEW 1extension study. Ophthalmol Retina. 2017;1(4):304-313. doi:10.1016/].0ret.2017.01.004 3. Jaffe GJ, Kaiser PK, Thompson D, et al.
Differential response to anti-VEGF regimens in age-related macular degeneration patients with early persistent retinal fluid. Ophthalmology. 2016;123(9):1856-1864. doi:10.1016/j.0phtha.2016.05.016

4, Data on file. Regeneron Pharmaceuticals, Inc.

BCVA, best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; Q4W, every 4 weeks; Q8W, every 8 weeks; Q12W, every 12 weeks; TD-OCT, time domain-optical
coherence tomography.

® EYLEA is a registered trademark of Regeneron Pharmaceuticals, Inc.
R E GE N E R ON © 2023, Regeneron Pharmaceuticals, Inc. All rights reserved. 777 0ld Saw Mill River Road, Tarrytown, NY 10591 12/2022 EYL.2212.0032
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