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INDICATION

IZERVAY™ (avacincaptad pegol intravitreal solution) is indicated for the treatment of
geographic atrophy (GA) secondary to age-related macular degeneration (AMD)

IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS

IZERVAY is contraindicated in patients with ocular or periocular infections and in patients
with active intraocular inflammation.

WARNINGS AND PRECAUTIONS
Endophthalmitis and Retinal Detachments

* Intravitreal injections, including those with IZERVAY, may be associated with endophthalmitis
and retinal detachments. Proper aseptic injection technique must always be used when
administering IZERVAY 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.



A moment

worth protecting

Every moment is precious for your patients with
geographic atrophy. Help protect their moments
from the start with IZERVAY™.

Learn more at

IZERVAYecp.com

i” | ™
iZervay
(avacincaptad pegol

Intravitreal solution) 2 mg

Neovascular AMD

* |n clinical trials, use of IZERVAY was associated with increased rates of neovascular (wet) AMD
or choroidal neovascularization (7% when administered monthly and 4% in the sham group) by
Month 12. Patients receiving IZERVAY should be monitored for signs of neovascular AMD.

Increase in Intraocular Pressure

* Transient increases in intraocular pressure (IOP) may occur after any intravitreal injection,
including with IZERVAY. Perfusion of the optic nerve head should be monitored following the
injection and managed appropriately.

ADVERSE REACTIONS

Most common adverse reactions (incidence =5%) reported in patients receiving IZERVAY
were conjunctival hemorrhage, increased |IOP, blurred vision, and neovascular age-related
macular degeneration.

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

Copyright © 2024 Astellas Pharma Inc. or its affiliates. All trademarks are the 7
property of their respective owners. US-AP-2300207 02/24 f

astellas




IZERVAY™ (avacincaptad pegol intravitreal solution)
Rx only

Brief Summary: This information is not comprehensive. Visit IZERVAYecp.com
to obtain the FDA-approved product labeling or call 609-474-6755.

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

2 DOSAGE AND ADMINISTRATION
2.1 General Dosing Information
IZERVAY must be administered by a qualified physician.

2.2 Recommended Dosage

The recommended dose for [ZERVAY is 2 mg (0.1 mL of 20 mg/mL solution)
administered by intravitreal injection to each affected eye once monthly
(approximately every 28 + 7 days) for up to 12 months.

2.4 Injection Procedure
Only 0.1 mL (2 mg) should be administered to deliver a single dose. Any excess
volume should be disposed.

Prior to the intravitreal injection, patients should be monitored for elevated
intraocular pressure (IOP) using tonometry. If necessary, ocular hypotensive
medication can be given to lower the [OP.

The intravitreal injection procedure must be carried out under controlled aseptic
conditions, which includes the use of surgical hand disinfection, sterile gloves,
a sterile drape, and a sterile eyelid speculum (or equivalent). Adequate anesthesia
and a broad-spectrum topical microbicide should be given prior to the injection.

Inject slowly until the rubber stopper reaches the end of the syringe to deliver
the volume of 0.1 mL. Confirm delivery of the full dose by checking that the
rubber stopper has reached the end of the syringe barrel.

Immediately following the intravitreal injection, patients should be monitored
for elevation in intraocular pressure (IOP). Appropriate monitoring may consist
of a check for perfusion of the optic nerve head or tonometry.

Following intravitreal injection, patients should be instructed to report any
symptoms suggestive of endophthalmitis (e.g., eye pain, redness of the eye,
photophobia, blurring of vision) without delay.

Each vial and syringe should only be used for the treatment of a single eye. If
the contralateral eye requires treatment, a new vial and syringe should be used
and the sterile field, syringe, gloves, drapes, eyelid speculum, filter needle, and
injection needle should be changed before IZERVAY is administered to the
other eye. Repeat the same procedure steps as above.

Any unused medicinal product or waste material should be disposed of in
accordance with local regulations.

3 DOSAGE FORMS AND STRENGTHS
Intravitreal solution: 20 mg/mL clear to slightly opalescent, colorless to slightly
yellow solution in a single-dose vial.

4 CONTRAINDICATIONS
4.1 Ocular or Periocular Infections
IZERVAY is contraindicated in patients with ocular or periocular infections.

4.2 Active Intraocular Inflammation
IZERVAY is contraindicated in patients with active intraocular inflammation.

5 WARNINGS AND PRECAUTIONS

5.1 Endophthalmitis and Retinal Detachments

Intravitreal injections may be associated with endophthalmitis and retinal
detachments. Proper aseptic injection techniques must always be used when
administering IZERVAY in order to minimize the risk of endophthalmitis. Patients
should be instructed to report any symptoms suggestive of endophthalmitis
or retinal detachment without delay, to permit prompt and appropriate
management.

5.2 Neovascular AMD

In clinical trials, use of IZERVAY was associated with increased rates of neovascular
(wet) AMD or choroidal neovascularization (7% when administered monthly
and 4% in the sham group) by Month 12. Patients receiving [ZERVAY should
be monitored for signs of neovascular AMD.

5.3 Increase in Intraocular Pressure

Transient increases in intraocular pressure (I0P) have been observed after
an intravitreal injection, including with IZERVAY. Perfusion of the optic nerve
head should be monitored following the injection and managed as needed.

6 ADVERSE REACTIONS

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

e QOcular and periocular infections

e Active intraocular inflammation

* Endophthalmitis and retinal detachments

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 the clinical trials of another drug and may not reflect the rates
observed in practice.

The safety of avacincaptad pegol was evaluated in 733 patients with AMD in
two sham-controlled studies (GATHER1 and GATHER?2). Of these patients,

* Neovascular AMD
 Increase in intraocular pressure

292 were treated with intravitreal [ZERVAY 2 mg (0.1 mL of 20 mg/mL solution).
Three hundred thirty-two (332) patients were assigned to sham.

Adverse reactions reported in >2% of patients who received treatment with
IZERVAY pooled across GATHER1 and GATHER?2, are listed below in Table 1.

Table 1: Common Ocular Adverse Reactions (22%) and greater than Sham
in Study Eye

Adverse Drug Reactions IZERVAY Sham
N=292 N=332
Conjunctival hemorrhage 13% 9%
Increased IOP 9% 1%
Choroidal neovascularization 7% 4%
Blurred Vision™ 8% 5%
Eye pain 4% 3%
Vitreous floaters 2% <1%
Blepharitis 2% <1%

* Blurred vision includes visual impairment, vision blurred, visual acuity
reduced, visual acuity reduced transiently.

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Risk Summary

There are no adequate and well-controlled studies of IZERVAY administration
in pregnant women. The use of IZERVAY may be considered following an
assessment of the risks and benefits.

Administration of avacincaptad pegol to pregnant rats and rabbits throughout
the period of organogenesis resulted in no evidence of adverse effects to the
fetus or pregnant female at intravenous (IV) doses 5.1 times and 3.2 times
the human exposure (based on AUC) at the maximum recommended human
dose (MRHD) of 2 mg once monthly, respectively.

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

Animal Data

An embryo fetal developmental toxicity study was conducted with pregnant
rats. Pregnant rats received daily intravenous (IV) injections of avacincaptad
pegol from day 6 to day 17 of gestation at 0.1, 0.4, 1.2 mg/kg/day. No maternal
or embryofetal adverse effects were observed at any dose evaluated. An
increase in the incidence of a non-adverse skeletal variation, described as
short thoracolumbar (ossification site without distal cartilage) supernumerary
ribs, was observed at all doses evaluated. The clinical relevance of this finding
is unknown. Plasma exposures at the high dose were 5.1 times the MRHD,
based on Area Under the Curve (AUC).

An embryo fetal developmental toxicity study was conducted with pregnant
rabbits. Pregnant rabbits received daily IV injections of avacincaptad pegol
from day 7 to day 19 of gestation at 0.12, 0.4, 1.2 mg/kg/day. No maternal
or embryofetal adverse effects were observed at any dose evaluated. Plasma
exposure in pregnant rabbits at the highest dose of 1.2 mg/kg/day was

3.2 times the human exposure at the MRHD, based on AUC.

8.2 Lactation

There is no information regarding the presence of avacincaptad pegol
in human milk, the effects of the drug on the breastfed infant or on milk
production.

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

8.4 Pediatric Use
Safety and effectiveness of IZERVAY in pediatric patients have not been
established.

8.5 Geriatric Use

Of the total number of patients who received IZERVAY in the two clinical trials,
90% (263/292) were >65 years and 61% (178/292) were >75 years of age. No
significant differences in efficacy or safety of avacincaptad pegol were seen with
increasing age in these studies. No dose adjustment is required in patients

65 years and above.

17 PATIENT COUNSELING INFORMATION

Advise patients that following IZERVAY administration, patients are at risk of
developing neovascular AMD, endophthalmitis, elevated intraocular pressure
and retinal detachments. If the eye becomes red, sensitive to light, painful, or
if a patient develops a change in vision, instruct the patient to seek immediate
care from an ophthalmologist.

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

Manufactured by:
IVERIC bio, Inc., An Astellas Company. Parsippany, NJ 07054

©2023 IVERIC bio, Inc., An Astellas Company. IZERVAY is a trademark of
IVERIC bio, Inc., An Astellas Company.
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Study Analyzes Spending on Anti-VEGF Injections

he factors influencing dif-

ferences in adoption of an-

ti-VEGYT injections are still

poorly characterized, and
trends in national anti-VEGT use and
assoclated costs have only been docu-
mented until 2015 in the population
msured by Medicare.

A recent study characterized trends
in use of and expenditure for the in-
travitreal injection of anti-VEGF
agents aflibercept, ranibizumab and
bevacizumab among the population
enrolled from 2014 to 2019." In this
period, 17,588,995 intravitreal injec-
tion claims were filed by 4,218 U.S.
ophthalmologists. Medicare costs for
anti-VEGF injections increased from
$2.51 billion in 2014 to $4.02 billion
in 2019.

Increased state-level ophthalmol-
ogist availability and incremental
increases in average reimbursement
amounts were found to be significantly
associated with a 6.8-fold variation in
2019 overall anti-VEGYF injection rates
across states. The researchers found a
7.3-fold difference i aflibercept use, a
231.9-fold difference in ranibizumab
injection rate and a 37.9-fold differ-
ence in bevacizumab injection rates
across all 50 United States and the
District of Columbia.

“While the determinants of regional
variation are multifactorial, we found
access to injecting ophthalmologists to

be one factor significantly associated
with this variation,” the authors wrote
in their paper. “States with a higher
density of injecting physicians were
associated with a higher anti-VEGF
injection rate, as well as higher afliber-
cept and bevacizumab agent-specific
injection rates.”

Study co-author Sarishka Desai, a
medical student at the University of
Connecticut, also comments on an
interesting interaction between reim-
bursement and injection rate.

“In our study, increased reimburse-
ment was also found to be minimal-
ly associated with overall anti-VEGF
njection rate; a $1 increase in reim-
bursement rate was associated with
3.3 additional injections per 100,000
beneficiaries,” she says.

She notes that this effect was incon-
sistent across individual anti-VEGF
agents. “We found a $1 increase in
reimbursement rate to be negatively
associated with bevacizumab injection
rate,” she says. “We believe this may
be due to increased use of aflibercept
and/or ranibizumab—it’s important to
remember the market for anti-VEGF
mjections is a zero-sum game. We hy-
pothesize practitioners in states with
higher reimbursements have higher
practice expenses and patients with
greater access to care, which may in-
crease aflibercept injection rates and
decrease bevacizumab injection rates

as a result. However, in our study we
cannot draw any causal associations,
and further research is needed.”
Population-adjusted aflibercept
injection rate increased 138 percent
from 2014 to 2019, while ranibizum-
ab injection rate marginally increased
and bevacizumab injection rate slight-
ly decreased. ““Though aflibercept was
initially approved for wet AMD, ex-
panding indications (e.g., proliferative
diabetic retinopathy, diabetic macular
edema) in the management of oph-
thalmic disease may partially explain
the nationwide increase in injection
rate,” the authors noted.
“Additionally,” they say, “the ability
to extend patients for a longer period
between injections may also explain an
mcrease in aflibercept injection rates.”
“Future studies are warranted to
better elucidate whether the observed
gaps in state-level injection rates result
from physician-specific characteristics,
regional characteristics or payments
provided by the pharmaceutical in-
dustry (e.g., consultation, education,
travel, food and beverage),” they add-
ed. “This will help reveal the most
appropriate policies which may help
decrease observed disparities in in-
jection rates unaccounted for by the
distribution of eye disease burden.”

1. Desai S, Sekimetsu S, Rossin EJ, Zebardast N. Trends in anti-vascular
endothelial growth factor original Medicare part B claims in the United
States, 2014-2019. Ophthalmic Epidemiol. February 5, 2024. [Epub ahead
of print].

Pachydrusen in AMD Eyes Raises Risk of MNV

new study explored associa-
tions between the risk of pro-
gression to advanced AMD
and the type of drusen present,
if any. Of particular interest was a re-
cently identified type called pachydru-

sen, which have well-defined margins
with an irregular outer contour and
which occur in isolation or in groups
of a few at the posterior pole, the re-
searchers explained in their paper for
Scientific Reports.'

Many aspects of pachydrusen,
including the long-term progno-
sis and risk factors for progression
to advanced AMD remain unclear,

(Continued on page 10)
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SURGICAL
PEARL VIDEO

Department Editor Tina Felfeli, MID

How to repair Eales’ disease TRD

Tips for surgical repair of a tractional retinal detachment with full-thickness macular hole
secondary to a rare form of retinal vasculitis.

By Mark D. Bamberger,
MD, and Kenneth T.
Eng, MD

Mark D.
Bamberger, MD

Kenneth T. Eng, MD

BIOS

Dr. Bamberger is a retina
specialist in Toronto.

Dr. Eng is a vitreoretinal
surgeon and chief of ophthal-
mology at Sunnybrook Health
Sciences Centre, University of
Toronto.

Dr. Felfeli is an ophthalmology
resident at the University of
Toronto.

DISCLOSURES: The authors
and Dr. Felfeli have no relevant
relationships to disclose.

ales’ disease is a rare idiopath-

ic retinal vasculitis that’s char-

acterized by a peripheral retinal

periphlebitis leading to capillary
nonperfusion, retinal vein occlusions and
ischemia predisposing the patient to neo-
vascular complications such as vitreous
hemorrhage.'?

Eales’ disease is suspected in the ap-
propriate demographic group with an
otherwise negative review of systems and
work-up for other conditions that include:
e syphilis;

o active tuberculosis;

o sarcoidosis;

» systemic lupus erythematosus;

 anti-phospholipid antibody syndrome;

e antineutrophil cytoplasmic anti-
body-related diseases; and

e rheumatic diseases.

A possible association with latent TB
has been described.?

View the Video

Dr. Bamberger and Dr. Eng surgically repair a tractional

retinal detachment with a full thickness macular hole in
a patient with Eales' disease. Scan the QR code or go to
https://bit.ly/VideoPearl-39.

Treatment for Eales’ disease is based on
managing the complications and reducing
the risk of disease progression. In cases
of nonclearing vitreous hemorrhage (41
percent), retinal detachment (11 percent)
or macular hole (<I percent), pars plana
vitrectomy may be required.* If the ocu-
lar media are sufficiently clear, ablation
of ischemic retina with panretinal laser

Figure 1. A) Color widefield fundus and optical coherence tomography images of the right eye document

the tractional retinal detachment, vasculitis and peripheral nonperfusion and full-thickness macular hole
with subretinal fluid due to foveal traction on presentation and visual acuity of 20/200. B) At one month
following presentation, color widefield fundus images and OCT images of the right eye demonstrated rapidly
worsening TRD with a decline in visual acuity to count fingers.

B RETINA SPECIALIST | MARCH/APRIL 2024
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After a
limited core
vitrectomy,
we gently
elevated the
osterior
yaloid from
the optic disc
using 23G
internal
limiting
membrane
forceps to
createaplane
of dissection.

photocoagulation can be considered, as
long as the vasculitis has been sufficiently
controlled with immunosuppressive ther-
apy. Although controversial, the use of in-
travitreal anti-VEGT therapy may lead to a
higher risk of retinal detachment.*

Our case

A 40-year-old phakic male originally
from India presented with a subacute de-
crease in Snellen visual acuity in his right
eye to 20/200. His ocular history included
a retinal detachment repair in the fellow
eye with vitrectomy, laser panretinal pho-
tocoagulation and scleral buckling 15 years
earlier in India. He had no history of diabe-
tes or sickle cell disease, and the review of
systems was negative.

On examination, the patient’s right eye
had a shallow tractional retinal detach-
ment involving the macula and extend-
ing to the near periphery with phlebitis
and a large plaque of neovascularization
along the proximal superior arcade em-
anating from the disc. Macular optical
coherence tomography showed a small
full-thickness macular hole and fluores-
cein angiography revealed peripheral
vascular sheathing and non-perfusion
superiorly (Figure 14, page 6).

The patient underwent screening for
tuberculosis using a TB QuantiFERON
Gold assay and tested positive. All other
investigations from the extensive uveitis
work-up, including screening laboratory

and imaging investigations for syphilis
and sarcoidosis, were negative.

He was immediately referred to the in-
fectious disease service and an anti-latent
TB therapeutic regimen was initiated.
With the presumed diagnosis of Eales’
disease, the patient was started on 80
mg daily of oral prednisone followed by
a six-month taper and appropriate oral
calcium and vitamin D supplementation
(Table)." Within one month, the retinal
detachment progressed significantly with
a corresponding decline in visual acuity
to counting fingers, and the patient decid-
ed to proceed with pars plana vitrectomy
(Figure 1B, page 6).

Our surgical approach

In our surgical video, after a limited core
vitrectomy, we gently elevated the posterior
hyaloid from the optic disc using 23G in-
ternal limiting membrane forceps to create
a plane of dissection. We avoided excessive
traction while moving from posterior to
anterior to mitigate the risk of iatrogenic
break formation. Once lifted, we divided
the hyaloid along the 3-to-9-o’clock me-
ridian to isolate the superior and inferior
hemispheres. We then evaluated the neo-
vascular plaque superiorly with the forceps
and lifted the remaining hyaloid gently with
the cutter using aspiration (Figure 2).

We then turned our attention to the mac-
ular hole and applied a flat contact lens. In
this case, given the ILM had to be peeled

Table. Oral prednisone dose and duration for the patient.

Dose Taper (decrease in daily dose / week) Duration
80 mg 10 mg / week 4 weeks
40 mg 5mg / week 4 weeks
20 mg 2.5mg / week 4 weeks
10 mg 1mg /2 weeks 10 weeks
5mg 1mg / week (if quiescent) 5 weeks

n RETINA SPECIALIST | MARCH/APRIL 2024



Figure 2. Intraoperative images depicting the key surgical steps. A) After a limited core vitrectomy, the
posterior hyaloid was elevated using internal limiting membrane forceps to create a plane of dissection, and
the hyaloid was divided along the 3-to-9-o'clock meridian. B) The ILM peeling was done under a flat contact

lens from nasal to temporal to initiate the flap.

over the detached retina, we elected to
avoid the use of dyes such as indocyanine
green, which can migrate into the subret-
inal space and potentially increase the risk
of toxicity.

Using a 1:1 dilution of triamcinolone,
we obtained a light dusting of the ILM by
aspirating with low vacuum to leave only a
fine layer of white crystals. We could then
visualize the ILM adequately without ob-
scuring the deeper layers.

We initiated the flap from the nasal to the

temporal, taking advantage of the coun-
tertraction the optic disc provided. Our
priority was to completely remove the ILM
around the macular hole, followed by en-
larging the ILM rhexis as much as safely
possible.

The final steps included a peripheral
scleral depressed examination, fluid-air
exchange with careful drainage from the
macular hole, sectoral retinal photocoag-
ulation and C,F, gas fill. Postoperatively,
the patient was asked to position face-down

Figure 3. Postoperative color widefield fundus images and optical coherence tomography images of the
right eye. A) At month one, flattening of the retina and closure of the macular hole with trace residual
subretinal fluid were evident, with a visual acuity of 20/100. B) At month six, there was sectoral pan-retinal
photocoagulation laser fill-in posteriorly with distinct ellipsoid zone and external limiting membrane
centrally and a closed macular hole on OCT. Visual acuity was 20/50 at the last follow-up.

We initiated
the flap from
the nasal to
the tempo-
ral, taking
advantage
of the coun-
tertraction
rovided

the optic

disc. Our
riority was

completely
remove the
ILM around
the macular
hole, {ollowed

enlargin
?ﬁte ILMg g
rhexis.
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while awake and sleep on either side for two weeks. One
year later, final best-corrected visual acuity was 20/50

(Figure 3, page 9).

Patient outcome

In our case, although the macular hole was small, we
still peeled the ILM to ensure all residual traction was
relieved and to decrease the risk of epiretinal membrane
formation.” After C,F, gas tamponade and two weeks of
postoperative face-down positioning, the macular hole
was closed and the patient’s final visual acuity reached a
level of 20/50, comparing favorably to other Eales’ cases
reported in the literature.

A recent meta-analysis reported a 95-percent pooled
surgical success estimate of PPV for Eales” disease, with
a 17 percent reoperation rate due to recurrent vitreous
hemorrhage or retinal detachment.* Final visual outcomes
were >20/400 in 87 percent of patients and >20/40 in 32
percent.!

As a study in India reported, although patients with
a vitreous hemorrhage may be more likely to also have
a PVD, uncomplicated surgery isn’t guaranteed, even if
more complex problems such as retinal detachment aren’t
present preoperatively.” Complete delamination of the
posterior hyaloid and identification of vitreoschisis is crit-
ical in all these cases to avoid leaving residual tangential
traction.® The India study found a lower rate of failure
when adding an encircling scleral buckle—a consideration
for adding additional support in select cases with residual
peripheral traction or diffuse peripheral breaks.’

Bottom line

A full-thickness macular hole is rare in Eales’ disease,
and to our knowledge this is the first detailed description
of a surgical repair for one. Our case highlights the im-
portance of a comprehensive diagnostic work-up and a
tailored treatment and surgical approach for achieving a
favorable outcome in this patient. @
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Pachydrusen in AMD
(Continued from page 5)

due to a lack of a longitudinal study. Researchers in South
Korea investigated the occurrence of advanced AMD and
risk factors for progression to advanced AMD in eyes with
pachydrusen. They found that age and macular pigmen-
tary changes were risk factors for the progression to wet
AMD in eyes with pachydrusen. However, the number of
macular pachydrusen and the presence of macular neo-
vascularization in the fellow eye didn’t show a statistically
significant relationship with MNV development.

This retrospective longitudinal study included 248
eyes of 156 patients with pachydrusen without advanced
age-related macular degeneration at baseline. The mean
age at baseline was 65.4 years, and the mean follow-up
duration was 6.4 years.

The mean total number of pachydrusen and macular
pachydrusen were 4.1 and 2.27 per eye, respectively.
Pachydrusen was accompanied by other types of dru-
sen in 4.8 percent of eyes at baseline. During follow-up,
MNVs occurred in 2.8 percent (seven eyes), which includ-
ed polypoidal choroidal vasculopathy in six eyes; howev-
er, no geographic atrophy occurred.

The cumulative incidence curves differed significantly
based on the presence of macular pigmentary changes. In
eyes with pachydrusen, the 10-year cumulative incidence
of macular neovascularization was significantly higher
when macular pigmentary changes were present than
when they were absent (17.39 percent vs. 0.57 percent). In
the analysis of MNV development according to the age at
baseline, those aged older than 67 years showed a higher
frequency of MNV development than did those aged 67
years or younger, although they had a short period of
follow-up.

“If pachydrusen eyes have a risk profile for progression
to advanced age-related macular degeneration that is
different from that of AMD eyes with drusen other than
pachydrusen, the current advanced AMD risk prediction
methods may not work in eyes with pachydrusen,” the
rescarchers wrote in their paper.

“We believe that the current age-related macular de-
generation classification should be updated to distinguish
drusen types if pachydrusen has a different risk profile
from that of other drusen,” they concluded. “Further
studies with larger sample sizes should be performed to
confirm the results of this study.” &

1.Nam SW, Noh H, Yoon JM, Ham DI. Advanced age-related macular degeneration and risk factors in eyes with
pachydrusen. Sci Rep. 2024;14:1:6132.
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EDITORIAL

By Jason Hsu, MID

A heavy burden

hen I started my residency
many years ago, I would
have laughed if someone
told me my future clinic
would be filled with patients getting
intravitreal injections. More than that,
I would have been astounded to hear
that these treatments could generally
show a rapid biologic response and
enthusiastic gratitude from many for
improving their quality of life.

Fast forward to the present where
our clinics are bursting at the seams
as the indications for intravitreal injec-
tions as well as therapeutic options are
ever growing. Couple that with the ag-
ing U.S. population and the epidemic
of diabetes—a recipe for disaster. Each
day, it’s commonplace that patients ask
me, “Is there a cure coming out soon?”’

Another frequent one that I some-
times find humorous and other times
perceive as a not-so-subtle jab is, “Are
you really the only doctor here today?”
I believe that our patient volume,
stress to stay on time, and inadequate
opportunity to cultivate meaningful
physician-patient relationships may be
contributing to burnout.

On the flip side, I imagine what
it’s like for our patients. Many older
patients must rely on others to bring
them in. They often express concern
about overburdening their children.
Those who are still working must take
time off, translating into lost produc-
tivity. Several told me that they have
to map out their lives around the clinic
visits or prioritize their health-care
based on what they can afford or what
other issues require more urgent at-
tention.

My group previously published
studies looking at the rates of loss to

follow-up and found about 20-to-25
percent of patients did not return for
a year or more after an anti-VEGF
injection.” Rahul Khurana, MD, sub-
sequently used the American Acade-
my of Ophthalmology IRIS registry
and found nearly a 12-percent rate of
loss to follow-up.® These patients are
often at highest risk for vision loss with-
out treatment. I feel like we are failing
them despite our best intentions. It’s a
heavy burden to bear.

Fortunately, hope is in sight. Newer
agents, including faricimab (Vabysmo,
Genentech/Roche) and high-dose af-
libercept (Eylea HD, Regeneron Phar-
maceuticals) are demonstrating great-
er durability, allowing less frequent
injections and fewer visits. More drugs
and drug-delivery platforms are in the
works or becoming available soon.

Tremendous progress is being made
in gene therapy to create an internal
bio-factory, potentially allowing a sin-
gle treatment to hijack the patient’s
cells to produce the effective drugs that
we have been delivering via injections.
While it’s already been an exciting
journey in our field over the last couple
decades, I expect that the best is yet to
come. Put on those shades, folks. The
future is going to be ever so bright. ®
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to age-related macular degeneration (AMD).
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o Intraocular Inflammation
O Inclinical trials, use of SYFOVRE was associated with episodes of
intraocularinflammation including: vitritis, vitreal cells, iridocyclitis,
uveitis, anterior chamber cells, iritis, and anterior chamber flare. After
inflammationresolves, patients may resume treatment
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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.

Retinal Vasculitis and/or Retinal Vascular Occlusion

Retinal vasculitis and/or retinal vascular occlusion, typically in the presence of intraocular
inflammation, have been reported with the use of SYFOVRE. Cases may occur with the
first dose of SYFOVRE and may result in severe vision loss. Discontinue treatment with
SYFOVRE in patients who develop these events. Patients should be instructed to report any
change in vision without delay.

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.

A total 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 OAKS 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 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.

Postmarketing Experience

The following adverse reactions have been identified during postapproval use of SYFOVRE.
Because these reactions are reported voluntarily from a population of uncertain size, it is
not always possible to reliably estimate their frequency or establish a causal relationship
to drug exposure. Eye disorders: retinal vasculitis with or without retinal vascular
occlusion.

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: 1t 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
endophthalmitis, retinal detachments, retinal vasculitis with or without retinal vascular
occlusion and neovascular AMD. 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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Department Editor Christopher R. Fortenbach, MD, PhD

Three strikes of inflammation

A case of Susac syndrome.

Presentation
33-year-old male was referred to our
tertiary care hospital for ophthalmic
evaluation of transient vision loss
in both eyes. The patient was in his
usual state of good health but developed a
sore throat, fever, chills and full body aches
prior to presentation. He tested positive for
SARS-CoV-2 (COVID-19) and was treated
with azithromycin, hydroxychloroquine and
wermectin. Four days later; he experienced
episodic periods of dizziness, arm numbness,
headaches, tinnitus and bilateral vision loss.

Examination Findings

During the initial presentation to an out-
side emergency room, he underwent an im-
mediate stroke protocol work-up, including
MRI of the brain, which demonstrated mul-
tifocal small infarcts. Laboratory testing was
unremarkable, but ultrasound of the lower
extremities revealed a unilateral deep vein
thrombosis, for which he was started on a
heparin drip. Unfortunately, his encephalop-
athy progressed with worsening confusion
and seizures, so he underwent repeat MRI
which showed a concomitant increase in the
number of infarcts, localizing around the
corpus callosum. CT angiogram, however,
didn’t show occlusion or vascular anomalies.

In the setting of his episodic vision loss,
the patient was transferred to our center for
ophthalmic evaluation. At that time, the pa-
tient’s best corrected Snellen visual acuity had

Figure 1. Pseudocolor fundus photography of the right (A) and left (B) eyes
respectively with a magnified view showing bilateral artery attenuation and arrows
pointing to the Gass plaques.

mmproved to 20/20 bilaterally with normal
eye pressures and no afferent pupillary de-
fect. He didn’t have any signs of anterior or
intermediate uveitis, but dilated fundus exam
revealed bilateral sectoral arterial box-caring
and Gass plaques (GPs) in the temporal and
superior quadrants (Figure 1).

Work-up

To further evaluate the retinal changes, we
obtained widefield fluorescein angiography
with transit of the right eye (Figure 2). There
was a normal arm-to-eye time of 11 sec-
onds, but later frames demonstrated multiple
branch retinal artery occlusions and periph-
eral non-perfusion in the temporal retina bi-
laterally. There was also perivascular leakage
in the superonasal mid-periphery of the right
eye. Given his retinal findings and tinnitus,
the patient also underwent audiology testing,
which confirmed moderately-severe sensori-
neural hearing loss.

Diagnosis and Management

The patient was diagnosed with Susac
Syndrome given the complete triad of en-
cephalitis, branch retinal artery occlusions
and sensorineural hearing loss.

The mainstay of treatment is immunosup-
pression to mitigate the auto-immune medi-
ated inflammatory response. Our patient was
started on five days of high-dose IV methyl-
prednisolone 1,000 mg/day for CNS vasculitis.
The neurology team initiated intravenous im-
munoglobulin ther-
apy for three days
before transitioning
to Rituximab 1,000
mg every six months
with a slow taper off
high-dose oral ste-
roids.

Given the extent
of peripheral reti-
nal ischemia, he was
seen in the Retina
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Department for pan retinal photocoagulation
of the areas of non-perfusion as prophylaxis
against neovascularization. He has subse-
quently followed in the Uveitis Department
for monitoring for re-activation as he tapered
off oral steroids.

Discussion

Susac Syndrome (SuS) is an idiopathic sys-
temic vasculitis presumed to be due to an im-
mune-mediated inflammation of the vascular
endothelium presenting clinically as a triad of
central nervous system dysfunction, branch
retinal artery occlusion and sensorineural
hearing loss. It most commonly occurs in the
second to fourth decades of life. While typi-
cally a single episode, recurrences have been
reported in up to 42 percent of cases.'

While our patient presented with all three
symptoms in rapid succession, SuS can be
difficult to diagnose, as the triad is usually in-
complete at disease onset. Diagnostic criteria
are divided into definite and probable SuS
based on constellations of clinical symptoms

and diagnos-
tic signs.” Brain
MRI findings
include multifo-
cal hyperintense
round small le-
sions, typically
involving the
corpus collo-
sum. In the eye,
in addition to
multiple branch
retinal artery
occlusions, oth-
er exam find-
ings may aid

with diagnosis
including Gass

Figure 2. Optos fluorescein angiography demonstrating multiple pe-
ripheral retinal artery occlusions with associated peripheral non-per-
fusion. Frames A and B demonstrate early phase filling of the right
and left eye, respectively. Frame C demonstrates a magnified view

of the arterial wall hyperfluorescence, which can be observed in the
peripheral vasculature, most significantly in the superonasal quadrant. or yellow-white

plaques. Initial-
ly described by
Don Gass,” GPs
are small yellow

Panel D demonstrates late filling of the left eye with a magnified view plaques located

of multiple retinal artery occlusions in the vascular periphery. along the lumen

m RETINA SPECIALIST | MARCH/APRIL 2024

of vessels, and frequently occur away from ar-
teriolar bifurcations, which can help differen-
tiate them from Hollenhorst plaques. While
GPs are not unique to Susac Syndrome, they
are a common feature and should be differen-
tiated from other types of plaques.

Fluorescein angiography can also be a
helpful modality for diagnosis and treatment.
Typical findings were reported in 2007, in-
cluding GPs and arterial wall hyperfluores-
cence (AWH), which can also be seen in the
case presented here (Figure 2). In addition, the
FA can be useful to evaluate areas of non-per-
fusion and neovascularization, which may
guide preventative treatment with PRP.

Interestingly, our patient developed SuS
shortly following a COVID-19 infection,
which is known to be associated with systemic
vasculitis’ and retinal microvascular occlu-
sions.® The unique clinical and diagnostic
findings in our patient confirmed a named
SuS diagnosis. To date, a few cases of SuS oc-
curring following GOVID-19 infection have
been reported in the literature,”® although the
high prevalence of COVID-19 infection in
the general population and the rarity of SuS
precludes us from drawing definitive conclu-
slons about causation.

This case serves as a reminder that seem-
ingly routine diagnoses such as artery occlu-
sions require a high level of suspicion with a
carefully obtained history and review of sys-
tems, which may help guide the workup and
aid in revealing an underlying diagnosis. ®
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GA drugs
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Tips for injecting pegcetacoplan and
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avacincaptad pegol for geographic atrophy.

By Andrew ]. Clark, MD, PhD, and Nathan Steinle, MD

Take-home points

» Pegcetacoplan and avacincaptad pegol have precautions that retina specialists should discuss with their patients prior to

injection.

»

»

most-used intravitreal injections.

»

he treatment paradigm for geo-

graphic atrophy associated with

advanced age-related macular de-

generation has changed rapidly in
the past year thanks to the approval of
two new intravitreal injections, pegceta-
coplan (Syfovre, Apellis Pharmaceuticals)
and avacincaptad pegol (Izveray, Iveric
Bio/Astellas). These new medications in-
hibit the complement cascade implicated
in development of retinal pigment epithe-
lium cell death leading to GA."?

Several other medications are also be-
ing developed in the therapeutic pipe-
line, and we may someday have gene
therapy products, suprachoroidal drugs
and other novel biologics as part of our
armamentarium against this devastating
discase."” As these new treatment options
enter into our clinical practice, we’ll face
new challenges for safe and effective care
delivery. Here, we describe our technique
for performing safe intravitreal injec-
tion of pegcetacoplan and avacincaptad

pegol.
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Pegcetacoplan has increased viscosity and volume compared to many commonly used intravitreal injections.
Avacincaptad pegol has the same large injection volume as pegcetacoplan (0.1 mL), although its viscosity is similar to the

Both agents require close monitoring for postinjection intraocular pressure elevation.

Indications for injection

Pegcetacoplan should be given every
25 to 60 days. In clinical trials, pegceta-
coplan was shown to reduce the rate of
GA lesion growth 16 to 22 percent in the
first 12 months of treatment, depending
on whether patients receive monthly or
bimonthly injections,® with an enhanced
reduction effect of 25 to 35 percent in
lesion growth rate in years two and
three.”?

Avacincaptad pegol has the same in-
dication. It’s approved for monthly dos-
ing up to one year and, in clinical trials,
demonstrated an 18-to-35-percent reduc-
tion in the GA lesion growth rate over the
first 12 months of treatment.”!°

Before the injection

As with any intervention, careful dis-
cussion regarding the risks and benefits
with patients is paramount before initi-
ating therapy. Both pegcetacoplan and
avacincaptad pegol have known risks that
patients should be told about before the
injection. Besides risks inherent to any



intravitreal injection, namely endoph-
thalmitis and damage to other structures
of the eye, including retinal detachment,
both medications have several notable
additional risks. They include conversion
to wet macular degeneration, nonartertic
ischemic optic neuropathy, and a greater
likelihood of transient elevated intraocu-
lar pressure.® '

Complement inhibition has also been
assoclated with rare instances of retinal
vasculitis following the first administra-
tion of the medication.'"'? Data are still
being gathered to better define this risk
profile, but unofficial reported estimates
place the incidence of retinal vasculitis at
around 0.01 percent for pegcetacoplan.
Apellis has recommended switching from
a previously supplied 19G filter needle to
an 18G filter needle when preparing the
injection.

Preparing the injection

On the day of the injection, the eye
should be inspected to ensure it’s free of
both infection and active inflammation.
Both medications should be stored at
temperatures between 2 and 8C until
they’re used and allowed to reach room
temperature prior to the injection, which
eliminates the increased viscosity asso-
ciated with colder storage temperatures.
Vials should not be frozen or shaken,
and vials should only be used for a sin-
gle injection for a single eye in a single
patient. The medications should appear
as a colorless to light yellow liquid. If the
vial contains any particulate, turbidity or
discoloration, it should be discarded.

Pegcetacoplan 1s a 0.1 mL injection
of a 150 mg/mL solution, providing 15
mg of drug into the vitreous cavity. The
medication is distributed in a vial, with
an accompanying injection kit that con-
tains an 18G filter needle and a 29G
thin-walled Luer-lock needle (Figure 7).
The injection also requires a sterile 1-cc
Luer-lock syringe and alcohol swab. A
sterile 27G needle with Luer-lock can

also be used in lieu of the thin-walled
29G needle.”

Avacincaptad pegol is 0.1-mL injection
of a 20-mg/mL solution for a total of 2 mg
of drug per injection. The medication vial
is packaged with a 19G filter needle and
sterile 1-cc Luer-lock syringe. The injection
can be performed with a 30G needle (Fig-
ure 2, page 20)."*

Similarities between the two injections
The following procedures we describe

apply to both treatments. They include:
1) Remove the cover from the vial cap
and clean the septum with an alcohol
swab.
2) Transfer the medication from the
vial to the syringe using the supplied
filter needle. Sitting the vial upright
for one minute prior to withdrawing
the medication can help the liquid ac-
cumulate at the base of the vial and
make the transfer easier. Tilting the
vial slightly to pool the liquid in one
corner will also limit introducing air
bubbles during withdrawal.
3) Exchange the filter needle for the
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Figure 1. Pegcetacoplan (Syfovre) comes with an accompanying injection kit that contains an
18G filter needle and a 29G thin-walled Luer-lock needle. (Courtesy: Apellis Pharmaceuticals)
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2 mg (0.1 mL of 20 mg/mL solution)

For Intravitreal Injection
Single-Dose Vial
Carton contents:

-one IZERVAY ™ vial

" -oneffilter needle

-one syringe

Reonly

injection needle (29G thin-walled nee-
dle for pegcetacoplan, 30G for avacin-
captad pegol) and discard excess med-
ication until 0.1 mL remains in the
syringe. This step is critical to expel
any air bubbles within the solution.

For pegcetacoplan, don’t shake or tap
the syringe. This will cause more bub-
bles to form within the solution. Rather,
perform a smooth and controlled with-
drawal and advancement (charging) of
the plunger until no bubbles are visible
within the syringe.

For avacincaptad pegol, lightly tap-
ping the side of the syringe will bring
the bubbles to the top, where they can
be expelled.

Cleaning the ocular surface
As with all intravitreal injections, the
ocular surface should be cleaned metic-
ulously with an antiseptic agent. One
suggestion is to
press a sterile,
betadine-soaked
cotton tip against
the globe at the
intended injec-
tion site until an
indentation is vis-
ible on the globe
surface. By hold-
ing this position
for 10 to 30 sec-
* onds, we hope to
= soften the globe
: to better accom-
modate the 0.1-
1 mL injection
volume. With
this decompres-
sion technique,

NDC: 82829-002-01

Figure 2. Avacincaptad pegol (Izervay) comes with an injection
kit that includes a glass vial, a sterile 5-pm filter needle (19G x 1.5
inch) and an empty sterile 1-mL Luer lock syringe with a 0.1-mL
dose mark. The glass vial, filter needle and empty syringe are for
single use only. (Courtesy Iveric Bio/Astellas)
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we have seen few
significant IOP
elevations imme-
diately after the
injection.

Injection technique for pegcetacoplan

One of the unique aspects of pegceta-
coplan is its increased viscosity relative
to other common intravitreal injections.
The medication’s thick consistency will
cause it to move more slowly through
the filter needle and may require in-
creased back pressure on the syringe
to remove the fluid from the vial. This
increased viscosity also plays a role when
performing the injection. Apply contin-
ued pressure to the syringe plunger when
performing the injection to express the
medication. The thin-walled, larger 29G
needle is provided to aid with fluid flow
and the Luer locks provide an extra layer
of security during the injection.

Stabilizing hand-holding of the syringe
also aids in achieving a safe injection. We
typically use a bimanual technique. Hold
the syringe in the dominant hand while,
with the nondominant hand, lightly hold-
ing around the distal end of the syringe to
stabilize the injection. Once the needle is
within the vitreous, use the thumb of the
nondominant hand to slowly and firmly
depress the plunger. We recommend in-
jecting over about five seconds.

While withdrawing the needle, a sterile
cotton-tip applicator can tamponade the
wound to minimize medication reflux.
Because the injection push takes longer
than other intravitreal injections, a lid
speculum can minimize the chance of
eyelash contamination of the injection
needle.

Once the injection is completed, in-
spect the optic nerve to confirm it’s per-
fused and that vision is at least counting
fingers. If the nerve is pale and vision de-
clines to no light perception, consider an
anterior chamber paracentesis to reduce
the elevated IOP. If the vision declines
but the nerve remains perfused with
venous pulsations, the patient should
remain in the clinic and rechecked in
five to 10 minutes as the vision and per-
fusion will often improve on their own.
Failure for the vision to improve after



brief observation should prompt an anterior chamber

paracentesis.

Injection technique for avacincaptad pegol
Avacincaptad pegol has a viscosity similar to that of
anti-VEGF agents. Thus, it doesn’t have the same con-
siderations in regard to medication preparation and in-
jection pressure as pegcetacoplan, but it still comes with
an accompanying injection kit (Figure 2). A 30G needle
is recommended for the injection. Smaller-bore needles
may limit fluid flow. Avacincaptad pegol is also a 0.1-mL
injection, so it’s important to monitor the patient for an

immediate postinjection IOP spike and to intervene.

Bottom line

With minor adjustments to the typical intravitreal
injection techniques, vitreoretinal specialists can safely
and reproducibly deliver pegcetacoplan and avacincap-

tad pegol. ®
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GENE THERAPY

Update: Gene therapy clinical
trials in neovascular age-related
macular degeneration

Companies are attacking the disease from multiple angles.
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By Lucas W. Rowe, MD, and Thomas A. Ciulla, MD, MBA

Take-home points

» Gene therapy holds the potential to alleviate the significant treatment burden in neovascular age-related macular degeneration
by delivering sustained and enduring therapeutic effects through the production of endogenous anti-vascular endothelial

growth factor within the chorioretina.

¥

¥

¥

Many challenges face the ongoing development of these therapies, yet significant progress has been realized regarding their
routes of administration, safety profiles and efficacy outcomes..

Viral vector gene therapy appears to be a particularly promising avenue in advancing the treatment landscape for nAMD.
Ongoing Phase Il and Phase Ill clinical trials for ABBV-RGX-314 (subretinal, suprachoroidal), ixoberogene soroparvovec (intravit-

real) and 4D-150 (intravitreal) are highly anticipated with encouraging preliminary results.

ntravitreal anti-vascular endothelial
growth factor injections have become
the standard of care for treating neo-
vascular age-related macular degener-
ation.! Monthly or bimonthly anti-VEGF
injections demonstrate favorable long-term
best-corrected visual acuity preservation in
real-world studies compared to less frequent
dosing,*® but at the expense of significant
time and cost burden due to the disease’s
chronic nature and limited medication
half-life. Gene therapy biofactories offer a
potential solution to address the need for
long-acting and more durable therapies in
nAMD. In this article, we’ll review the latest
gene-therapy efforts in this area.

Gene therapy backgrounder

Retina has been at the forefront of gene
therapy in medicine, particularly since
the FDA clearance of voretigene nepar-
vovec-rzyl (Luxturna, Spark Therapeu-
tics/Genentech) for confirmed biallelic
RPE65-mediated inherited retinal disease
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in December 2017. Luxturna represented
the first FDA-approved gene therapy for
inherited disease. When a therapeutic gene
1s delivered and integrates into patient cells,
it has the capacity to continually generate
a desired protein, such as endogenous an-
ti-VEGY, and thus offers the prospect of
alleviating the treatment burden of frequent
intravitreal injections for nAMD through
sustained and enduring therapeutic effects.
The standard for ocular gene therapy
administration is subretinal injection; how-
ever, suprachoroidal and intravitreal gene
delivery are being investigated as alternative
routes of administration to avoid the poten-
tial complications of pars plana vitrecto-
my-associated procedures, such as macular
hole and/or potential photoreceptor disrup-
tion associated with bleb creation, retinoto-
my with hemorrhage and/or fibrosis, retinal
tear and detachment and cataract (Figure
7). Suprachoroidal delivery also offers a
targeted, compartmentalized delivery of
gene therapy to the chorioretina while mini-



Figure 1. Routes of ocular gene therapy administration: subretinal delivery (A); intravitreal delivery (B); su-
prachoroidal delivery (C). From Guimaraes TAC, Georgiou M, Bainbridge JWB, Michaelides M. Br J Ophthalmol.
2021;105(2):151-157" Licensed for reuse under the Creative Commons Attribution (CC BY) license.

mizing exposure to the vitreous and anterior
segment which may elicit an immune and

inflammatory response.”!?

ABBV-RGX-314

ABBV-RGX-314 is a novel gene therapy
intervention being developed by Regenx-
Bio and AbbVie that delivers a transgene
encoding a ranibizumab-like anti-VEGF
monoclonal antibody fragment to the retina
through an adeno-associated virus (AAV) 8
vector (Figure 2, page 24). The administra-
tion of the therapy entails a single subretinal
or suprachoroidal injection, strategically
designed to produce enduring cellular ex-
pression of anti-VEGT therapy within the
retinal tissues.

A Phase I/ITa, open-label, multiple-co-
hort, dose-escalation study (NCT03066258)
reported positive safety and efficacy re-
sults with the subretinal delivery of AB-
BV-RGX-314 in nAMD. ABBV-RGX-314
was well-tolerated at all five doses and
demonstrated stability of best-corrected vi-
sual acuity and central retinal thickness at
six months.'?

There are currently two ongoing Phase I1b/
III trials: ATMOSPHERE (NCT04704921)
and ASCENT (NC'T05407636), investi-
gating subretinal ABBV-RGX-314 in
nAMD."*"* The ATMOSPHERE (Phase
1Ib/III) and ASCENT (Phase III) trials are

randomized, partially masked, controlled
studies evaluating two dose levels of AB-
BV-RGX-314 against monthly intravitreal
ranibizumab and bimonthly intravitreal
aflibercept, respectively. The primary out-
come of the trials is the mean change in
BCVA from baseline to 54 weeks. Regenx-
Bio has plans for the trials to support a glob-
al regulatory submission in late 2025 and
first half of 2026."

Simultaneously, RegenxBio is eval-
uating the suprachoroidal delivery of
ABBV-RGX-314 in individuals with
nAMD. AAVIATE (NCT04514653) is a
multicenter, open-label, randomized, ac-
tive-controlled, dose-escalation, Phase II
trial investigating the efficacy, safety and
tolerability of suprachoroidal delivery of
ABBV-RGX-314 using the Clearside Su-
prachoroidal Space (SCS) Microinjector in
comparison to monthly intravitreal ranibi-
zumab (Figure 3, page 24).

Three dose levels of ABBV-RGX-314 are
included in the trial at 2.5x10" (Cohort
1), 5x10"" (Cohorts 2 and 3), and 1x10"
(Cohorts 4 to 6) genomic copies per eye.
The primary efficacy endpoint is the mean
change in BCVA at week 40 from baseline,
with secondary endpoints including mean
change in central retinal thickness and num-
ber of anti-VEGF injections following ad-
ministration.
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Figure 2. Overview of adenovirus-mediated delivery of recombinant genetic material to host cells for endogenous expression of a desired protein.
(From: https://commons.wikimedia.org/wiki/File:Viral mediated delivery of genes to neurons 1jpg.” Licensed for reuse under the Creative Commons

Attribution-Share Alike 4.0 International license.)

Posterior and
circumferential
injectate spread in
the Suprachoroidal
Space (SCS)

Encouragingly, RegenxBio recently an-
nounced interim data that more than 50
patients in Cohorts 4 through 6 achieved an
80-percent reduction in annualized injec-
tion rate and a 50 percent injection-free rate
through six months following a single su-
prachoroidal injection of ABBV-RGX-314."

Furthermore, the therapy was well-toler-
ated across more than 100 patients from the
three dose levels with no drug-related serious
adverse events. Mild intraocular inflamma-
tion was reported at similar incidence rates
in the first and second dose levels, while
mild to moderate intraocular inflammation
was reported
at the third
dose level in
Cohorts 4 and
5; all of which
resolved with
topical corti-
costeroids. Of
note, however,
patients at the
third dose level
who received
a short course
of prophylactic
topical steroids
(Cohort 6) dis-

Figure 3. Schematic of microneedle injection into the suprachoroidal
space (SCS). From Wan C-R, Muya L, Kansara V, Ciulla TA. Pharmaceu-
tics. 2021;13:288." (Licensed for reuse under the Creative Commons
Attribution (CC BY) license.)
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played no cases of intraocular inflamma-
tion."” These early results support ABBV-
RGX-314’s potential as a one-time, in-office
treatment that may offer long-term durabil-
ity and safety in nAMD.

Ixo-vec

Ixoberogene soroparvovec (ixo-vec, for-
merly ADVM-022) (Adverum Biotechnolo-
gies) 1s a single-use intravitreal gene therapy
that employs the AAV2.7m8 capsid for effi-
cient retinal transduction and expression of
the proven anti-VEGF protein, aflibercept
(Figure 4).1%1

OPTIC (NCT03748784) was a two-year,
open-label, prospective, multicenter Phase I
study investigating the safety and tolerabili-
ty of ixo-vec in non-naive nAMD.? Patients
were assigned to four cohorts differing by
dose (2x10'" or 6x10'" vector genomes per
eye [vg/eye]) and prophylactic steroids (oral
prednisone vs. topical difluprednate).

The majority of ocular treatment-emer-
gent adverse events (TEAEs) were dose-
dependent and mild (84 percent) to mod-
erate (16 percent) in severity, with anterior
chamber cell and vitreous cell the most
commonly reported.?' Five serious TEAEs
were reported, with two deemed probably
related to ixo-vec, including an asymmetric



progression of dry AMD and a case of re-
current uveitis.

Notably, the high-dose group and low-
dose group had 98 percent and 80 percent
reduction in annualized anti-VEGF injec-
tion burden, respectively, and 80 percent
and 53 percent injection-free rate, respec-
tively.?! Furthermore, both dose groups
displayed maintenance of BCVA and CRT
measurements throughout the study. The
superior safety and similar efficacy of the
2x10'" vg/eye dose relative to the 6x10"
vg/eye dose in the OPTIC trial supported
continued evaluation of the latter dose in
nAMD.

LUNA (NCT05536973) is an ongoing
Phase II trial investigating the safety and
efficacy of ixo-vec at the 2x10" vg/eye dose
and a lower dose of 6x10'° vg/eye, in com-
bination with enhanced corticosteroid pro-
phylaxis.

Adverum recently announced positive
preliminary results from the LUNA study,
with both doses demonstrating mainte-
nance of visual and anatomic outcomes.
At 26 weeks, the 2x10'" and 6x10' vg/eye
doses achieved annualized reduction in
anti-VEGF injection rates of 94 percent and
90 percent, respectively, and injection-free
rates of 85 and 68 percent, respectively.”
Both doses displayed  srolicizumab  Conbercep
a maintenance of g, wessth
functional and an-
atomical outcomes
from baseline to 26
weeks, in addition to
apparent improved
inflammatory profiles
with corticosteroid |
prophylaxis com- {§
pared to those from £%%
the OPTIC study.

These early re-
sults support the
potential of a single
in-office intravitreal
injection of ixo-vec

Abicipar Pegol

VEGF pathway

treatment away from frequent
anti-VEGF injections to durable and ef-
fective cellular-based biofactories.

4D-150

4D-150 (4D Molecular Therapeutics) 1s a
single-use, low-dose intravitreal gene therapy
using an evolved vector, R100, and a trans-
gene cassette that expresses both aflibercept
and a VEGTF-C inhibitory RNAI to inhibit a
total of four antiangiogenic factors: VEGF A;
B; C; and placental growth factor (PIGF).?*

PRISM (NCTO05197270) 1s a prospective,
multicenter, Phase I/II dose-escalation and
randomized, controlled, masked expansion
trial investigating the safety and tolerabili-
ty of 4D-150 in nAMD.* Phase I PRISM
results revealed that all three dose cohorts of
3x10'%, 110", and 6x10° vg/eye were safe and
well-tolerated in the dose exploration phase
of the study.®® Furthermore, in the 3x10' vg/
eye cohort, patients experienced a 96.7-per-
cent overall reduction in the mean annualized
ant-VEGF injection rate and four of five eyes
were supplemental aflibercept-free.

Interim Phase IT PRISM results met all
endpoints through 24 weeks in nAMD pa-
tients with severe disease activity and high
treatment burden.” 4D-150 at a dose of
3x10" vg/eye showed equivalent and stable

OPT-302

RGX-314
ADVM-022

- Gene Therapy

as a possible para- Figure 4. Mechanisms of action of therapies for nAMD, including novel gene therapies in development. (From: Patel P
digm shift in nAMD Sheth V. J. Clin. Med. 2021, 10, 2436.% Licensed for reuse under the Creative Commons Attribution (CC BY) license.)
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BCVA outcomes and improved retinal an-
atomical control with reduced central sub-
field thickness variability compared to the
bimonthly aflibercept arm, in addition to an
89 percent overall reduction in annualized
anti-VEGF injection rate and a 63 percent
injection-free rate.

Notably, a favorable safety profile was
achieved with no significant or recurrent in-
traocular inflammation with a 20-week pro-
phylactic topical corticosteroid taper. Follow-
ing the positive initial results from PRISM,
the FDA and European Medicines Agency
granted the RMAT and Priority Medicines
(PRIME) designations, respectively, to 4D-
150 with the goal of increasing collaboration
on regulatory approval planning and expedit-
ing drug development.?*

Bottom line

Gene therapy holds the potential to alle-
viate the treatment burden in nAMD by de-
livering sustained and enduring therapeutic
effects through the production of endogenous
anti-VEGF within the retina. Many chal-
lenges face the ongoing development of these
therapies, yet significant progress has been
realized regarding their routes of adminis-
tration, safety profiles and efficacy outcomes.

The prospect of reduced treatment fre-
quency offers benefits for patients, including
substantial enhancements in quality of life,
vision preservation and a reduction in the
socio-economic impact associated with vision
impairment. Viral-vector gene therapy ap-
pears to be a particularly promising avenue
and the aforementioned therapies support
the great potential in advancing the treat-
ment landscape for nAMD. ®

REFERENCES

1.Campbell RJ, Bronskill SE, Bell CM, et al. Rapid expansion of intravitreal drug injection
procedures, 2000 to 2008: A population-based analysis. Arch Ophthalmol Chic Il
2010,128:359-362.

2. Peden MC, Sufier I}, Hammer ME, et al. Long-term outcomes in eyes receiving fixed-
interval dosing of anti-vascular endothelial growth factor agents for wet age-related
macular degeneration. Ophthalmology. 2015;122:803.

3. Moshfeghi AA, Pitcher I, Lucas G, et al. Visual acuity outcomes in patients receiving
frequent treatment of neovascular age-related macular degeneration in clinical
practice. J Vitreoretin Dis. 2021;5:221-226.

4, Ciulla TA, Hussain RM, Pollack IS, et al. Visual acuity outcomes and anti-vascular
endothelial growth factor therapy intensity in neovascular age-related macular
degeneration patients: A real-world analysis of 49 485 eyes. Ophthalmol Retina.
2020;4:19-30.

5. Khanani AM, Skelly A, Bezlyak V; et al. SIERRA-AMD: A retrospective, real-world

RETINA SPECIALIST | MARCH/APRIL 2024

evidence study of patients with neovascular age-related macular degeneration in the
United States. Ophthalmol Retina. 2020;4:122-133.

6. Peng Y, Tang L, Zhou Y. Subretinal injection: A review on the novel route of
therapeutic delivery for vitreoretinal diseases. Ophthalmic Res. 2017,58:217-226.

7 Wan C-R, Muya L, Kansara V, et al. Suprachoroidal delivery of small molecules,
nanoparticles, gene and cell therapies for ocular diseases. Pharmaceutics.
2021713:288.

8. Hancock SE, Wan C-R, Fisher NE, et al. Biomechanics of suprachoroidal drug
delivery: From benchtop to clinical investigation in ocular therapies. Expert Opin Drug
Deliv. 2021;18:777-788.

9. Kansara V, Muya L, Wan C, et al. Suprachoroidal delivery of viral and nonviral gene
therapy for retinal diseases. J Ocul Pharmacol Ther. 2020;36:384-392.

10. Kansara VS, Cooper M, Sesenoglu-Laird 0, et al. Suprachoroidally delivered DNA
nanoparticles transfect retina and retinal pigment epithelium/choroid in rabbits.
Transl Vis Sci Technol. 2020;9:21.

T1. Guimaraes TAC de, Georgiou M, Bainbridge JWB, et al. Gene therapy for neovascular
age-related macular degeneration: Rationale, clinical trials and future directions. Br )
Ophthalmol. 2021,105:151-157

12. ClinicalTrialsgov. Safety and tolerability of RGX-314 (investigational product)
gene therapy for neovascular AMD trial. htps://wwwclinicaltrials.gov/study/
NCT03066258tab=results. Accessed January 18, 2024.

13.ClinicalTrials.gov. Pivotal 1 Study of RGX-314 gene therapy in participants with nAMD.
https://clinicaltrials.gov/study/NCT04704921. Accessed January 18,2024,

14. ClinicalTrials.gov. Pivotal 2 study of RGX-314 gene therapy in participants with
nAMD. https://clinicaltrials.gov/study/NCT05407636. Accessed January 18, 2024,

15. RegenxBio. RegenxBio announces updated strategic plans and third quarter 2023
financial results. Available from: https://regenxbio.gcs-web.com/news-releases/
news-release-details/regenxbio-announces-updated-strategic-plans-and-third-
quarter/. Accessed January 18, 2024.

16. Wikimedia Commons, 2022. Viral mediated delivery of genes to neurons 1jpg.
https://commonswikimedia.org/wiki/File:Viral_mediated_delivery_of_genes_to_
neurons_1jpg. Accessed February 17, 2024.

17 RegenxBio. RegenxBio announces positive interim data from phase Il AAVIATE
trial of ABBV-RGX-314 for the treatment of wet AMD using suprachoroidal delivery.
https://regenxbio.gcs-web.com/news-releases/news-release-details/regenxbio-
announces-positive-interim-data-phase-ii-aaviater/. Accessed January 17, 2024,

18. Grishanin R, Vuillemenot B, Sharma P, et al. Preclinical evaluation of ADVM-022, a
novel gene therapy approach to treating wet age-related macular degeneration. Mol
Ther J Am Soc Gene Ther. 2019;27:118-129.

19. Gelfman CM, Grishanin R, Bender KO, et al. Comprehensive preclinical assessment
of ADVM-022, an intravitreal anti-VEGF gene therapy for the treatment of neovascular
AMD and diabetic macular edema. J Assoc Ocul Pharmacol Ther. 2021;37:181-190.

20. ClinicalTrials.gov. ADVM-022 intravitreal gene therapy for wet AMD. https:/
clinicaltrials.gov/study/NCT03748784. Accessed January 18, 2024.

21, Khanani AM, Boyer DS, Wykoff CC, et al. Safety and efficacy of ixoberogene
soroparvovec in neovascular AMD in the United States (OPTIC): A prospective, two-
year, multicentre phase 1 study. EClinicalMedicine. 2024;67:102394.

22. Patel P, Sheth V. New and innovative treatments for neovascular AMD. J Clin Med.
2021;10:2436.

23. Adverum Biotechnologies. Adverum Biotechnologies announces positive
preliminary efficacy and safety data from LUNA Phase 2 trial of ixo-vec in patients
with wet AMD. https://investors.adverum.com/news/news-details/2024/Adverum-
Biotechnologies-Announces-Positive-Preliminary-Efficacy-and-Safety-Data-from-
LUNA-Phase-2-Trial-of-Ixo-vec-in-Patients-with-Wet-AMD/defaultaspx. ~ Accessed
February 17 2024.

24, ADMT. 4DMT receives FDA regenerative medicine advanced therapy (RMAT)
designation for 4D-150 genetic medicine for intravitreal treatment of wet AMD, the
First RMAT designation in wet AMD. GlobeNewswire News Room. 2023, https://www.
globenewswire.com/news-release/2023/12/21/2799961/0/en/4ADMT-Receives-FDA-
Regenerative-Medicine-Advanced-Therapy-RMAT-Designation-for-4D-150-Genetic-
Medicine-for-Intravitreal-Treatment-of-Wet-AMD-the-First-RMAT-Designation-in-Wet-
AMD.html. Accessed January 18,2024

25. ClinicalTrials.gov. 4D-150 in patients with neovascular (wet) age-related macular
degeneration. https://clinicaltrials.gov/study/NCT05197270, Accessed January 18,
2024,

26. Khanani AM, Hershberger VS, Kay CN, et al. Interim results for the Phase 1/2 PRISM
Trial evaluating 4D-150, a dual-transgene intravitreal genetic medicine in individuals
with neovascular (wet) age-related macular degeneration. Invest Ophthalmol Vis Sci.
2023,64:5055.

27.4DMT presents positive interim data from randomized phase 2 PRISM clinical trial of
intravitreal 4D-150 demonstrating favorable tolerability & clinical activity in wet AMD.
https://ir4dmoleculartherapeutics.com/news-releases/news-release-details/4dmt-
Dpresents-positive-interim-data-randomized-phase-2-prism/. Accessed February 4,
2024,




Jriving Innovation,
Jefining Excellence:

LEADING THE
MARKETPLAGE
FORWARD

e take pride in our longstanding commitment

to excellence in readership, reach and influence

in the vision care field with our print, digital

and multi-platform (print/digital/virtual &
live) education offerings. Our signature brands deliver
a powerful and impactful marketing mix of print and
digital marketing opportunities.

Jobson Optical Group brands are readers’ most trusted
source for news, product information, education, industry
trends, research & surveying ECP's, business strategy
and practice management insight.

For more information about products, services, and subscriptions,
contact us at info@jobson.com

j Sbson

Optical Group

The vision to help you succeed

2000 W)

WOMEN IN OPTOMETRY"

R Frames
of OPHTHALMOLOGY Jdld

LT /bso TI
RCCL. my frame

REVIEW OF CORNEA GA L L E R Y

& CONTACT LENSES
2020 R
PROTGPRO MANAGEMENT

BEV'EW N EyeRep

OPTOMETRY

“ JoBsON
JHIINTERACTIVE

VISION MONDAY

JOBSON

creative Ezmﬁ.m GROUP

LEADERSHIP
VMisiasir BEJINA

eview Jobson

k Business Event Services

VMAIL  BEVIEW

and the Aging Eye

The Pharmacist's Resource for Clinical Excellence




Biosimilars

How anti-VEGF biosimilars
are changing retina care

Biosimilars are reducing costs and increasing access, but in retina they
also face unique challenges compared with other medical specialties.
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Take-home points

» Biosimilars are highly similar to the reference product and, once approved, can be used in place of the latter in clinical

practice.

» Inthe United States, two biosimilars to ranibizumab, Byooviz and Cimerli, are currently approved.

» More biosimilars to ranibizumab are awaiting approval, while biosimilars to aflibercept are likely to be approved later this year.

» Although at the outset retina specialists were slow to adopt biosimilars, they have slowly and steadily increased their use of
biosimilars, with more payers adding biosimilars to their formularies.

1osimilars have been shown to re-

duce costs across a broad range of

therapeutic areas, savings that have

increased as clinicians become more
familiar with biosimilars and prescribe them
in a growing number of patients—a dynamic
that’s coming to retina now that biosimilars
to the two leading anti-VEGF treatments
are widely available or will be soon. Most
studies also calculated that these cost savings
could result in tens of thousands of additional
patients being treated with biologics, which
could increase substantially as the benefits of
biosimilars become more widely understood.!

What are biosimilars?

A biosimilar is a biologic medication that
1s highly similar in its physical, chemical and
biological properties to and has no clinically
meaningful differences from an existing U.S.
Food and Drug Administration-approved
biologic, referred to as the reference product.
Compared to a reference product, biosimi-
lars are made with the same types of living
sources, are given to the patients in the same
way, and have the same strength, dosage,
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treatment benefits and potential side effects.?

Biosimilars undergo an extensive review
and approval process to determine that they
have no clinically meaningful differences
from the reference product.® This approval
process assures that biosimilars have the same
treatment benefits and risks. Considering
they’re quite similar to the reference product,
the Biologics Price Competition and Innova-
tion (BPCI) Act of 2009 that defined biosim-
ilars, proposed an abbreviated pathway for
approval.* With less time and fewer resources
required for development, a biosimilar that
the FDA deems safe and effective is likely to
be cheaper than its reference product, thus
providing patients with more treatment op-
tions, increasing access to lifesaving medi-
cations and potentially lowering health-care
costs. ?

Biosimilars and interchangeability

An interchangeable biological product is a
biosimilar that meets additional requirements
and may be substituted for the reference
product at the pharmacy, depending on state
pharmacy laws.>’



It’s important to remember that not all
biosimilars are interchangeable. Companies
must submit an application with adequate
information to support such a determination
for their product to be approved as an inter-
changeable biosimilar. >

Recently, the FDA recommended that all
labeling for biosimilars include a biosimilar-
ity statement, which would likely avoid any
confusion about interchangeable biosimilars
vs. those that don’t carry that designation.
Previously, the agency recommended that
labeling include a statement of biosimilarity
or interchangeability in the highlights section
that describes the product’s relationship to its
reference product. The FDA wants to make
sure that a designation of interchangeability
doesn’t indicate a higher level of biosimilarity
in biosimilars designated as interchangeable.®

Lucentis biosimilars in the United States

The FDA has approved 45 biosimilars in
total,* only two of which are approved for
ophthalmic use, and both as biosimilars to
ranibizumab.

The first was Byooviz (ranibizumab-nuna
or SB11), which was approved in September
2021. This drug, which was developed by
Samsung Bioepis and marketed in the United
States by Biogen, launched with a 0.05-mg
single-use vial and hence is only approved for
three of the five indications for which Lucen-
tis 1s approved: neovascular age-related mac-
ular degeneration; macular edema following
retinal vein occlusion; and myopic choroi-
dal neovascularization. Although it was the
first ranibizumab biosimilar approved in the
United States, it was the second to receive an
mterchangeability designation.

The FDA approved Cimerli (ranibizum-
ab-eqrn or FYB-201) in August 2022. De-
veloped by Bioeq AG and initially marketed
in the United States by Cooherus Bioscienc-
es, Sandoz has since acquired the franchise.
Cimerli was approved in both 0.3- and 0.5-
mg doses for all five indications for which
Lucentis 1s approved, including diabetic mac-
ular edema and diabetic retinopathy. Cimerli
is also the first to receive the interchangeabil-

ity designation from the FDA.

Clinical trials for Lucentis biosimilars

Each of these Lucentis biosimilars had to
go through a Phase III study to demonstrate
safety and similar efficacy to Lucentis.

Byooviz underwent a randomized, dou-
ble-masked, multicenter Phase III study
that evaluated efficacy, safety, pharmacoki-
netics and immunogenicity. The study had
a primary endpoint of change from base-
line in best-corrected visual acuity at eight
weeks and central subfield thickness at four
weeks. The secondary endpoints included
pharmacokinetics, safety, long-term efficacy
and immunogenicity. ¢ The study recruited
705 nAMD patients who were randomized
to receive either SB11 or ranibizumab in
monthly injections (0.5 mg), with 634 pa-
tients continuing to receive treatment for the
entire study length of 48 weeks.

The study met the primary endpoint, as
the adjusted treatment difference between
SB11 and ranibizumab in BCVA was -0.8
letters (90% confidence interval [Cl] -1.8 to
0.2) and the CST change
from baseline was -8 um
(95% CIL-19 to 3).

The randomized clinical
equivalence trial demon-

strated equivalence in effi-
cacy for both primary end
points between SB11 and
ranibizumab, with SB11
similar in safety and im-
munogenicity profiles to
ranibizumab.’

The COLUM -
BUS-AMD trial eval-
uated the clinical equiv-
alence of Cimerli to the
reference product ranibi-
zumab in patients with
treatment-naive, subfove-
al choroidal neovascular-
1zation caused by nAMD.
The primary end point
was change from baseline
in BCVA, as measured
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To date, the only anti-VEGF biosimilars approved in
the United States are Cimerli (Sandoz) and Byooviz
(Biogen), both referencing Lucentis (ranibizumab,
Genentech/Roche).

RETINA SPECIALIST | MARCH/APRIL 2024 m



A meta-
analysis of
1,544 eyes
found no
significant
differences
between
reference
ranibizumab
and four
biosimilars
for visual and
anatomical
outcomes, or
treatment-
emergent
adverse
events.

by Early Treatment Diabetic Retinopathy
Study letters at eight weeks before the third
monthly intravitreal injection.

A two-sided equivalence test assessed the
biosimilarity of FYB201 to ranibizumab,
with an equivalence margin in BCVA of
three ETDRS letters. This study involved
477 patients, with 238 randomized to FYB-
201 and the rest to ranibizumab. Both treat-
ment arms demonstrated an improvement
in BCVA throughout the study period, with
a mean improvement of +5.1 (FYB201) and
+5.6 (reference ranibizumab) ETDRS letters
at eight weeks. By week 48, the mean change
from baseline was +7.8 £ 11.7 (median 8.0)
for FYB201 and +8.0 + 11.3 (median 8.0)
ETDRS letters for ranibizumab. The
ANCOVA least squares mean difference
for change from baseline in BCVA between
FYB201 and reference ranibizumab at week
48 was a negligible -0.1 ETDRS letters (90%
CI-1.81t0 1.7, p>0.5).

The study also reported comparable ad-
verse events between treatment groups, with
no evidence of increased side effects, elevated
intraocular pressure, or signs of ocular tox-
icity. Based on the study results, FYB201
was found to be biosimilar to ranibizumab
in terms of clinical efficacy and ocular and
systemic safety in the treatment of patients
with nAMD.?

Additionally, a meta-analysis of four clin-
ical trials comparing ranibizumab to four
biosimilars in 1,544 eyes found no significant
differences between the reference product
and biosimilars for visual and anatomical
outcomes, or treatment-emergent adverse
events.'”

Other Lucentis biosimilars

As of this writing, there is one Lucentis
biosimilar awaiting approval in the United
States: Xlucane, or XSB-001, also known
as Ximluci in Europe (Xbrane Biopharma/
Stada Arzneimittel). The European Union
granted approval in 2022 and the United
Kingdom did so last year. The FDA last year
accepted the supplemental Biologics License
Application (BLA) for Xlucane and set a
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Biosimilar User Fee Amendment goal date
for April 21, 2024.

A comprehensive comparative analytical
assessment demonstrated equivalency with
Lucentis in terms of change in BCVA from
baseline, with a least squares mean of 4.57
(95% CI 3.54 to 5.61) vs. 6.37 for Lucentis
(95% CI 5.31 to 7.42)."" Likewise, change
from baseline in central foveal thickness was
also equivalent: -117.44 (95% CI, -125.33
to -109.56) for Xlucane vs. -115.14 (95% CI
-123.14 to -107.14) for Lucentis.

Eylea biosimilars

No Eylea biosimilar has been approved in
the United States, although one, Yesafili (Bio-
con Biologics), received market authorization
from the European Commission and UK’s
Medicines and Healthcare Products Regula-
tory Agency. 2

Regeneron Pharmaceuticals received pe-
diatric exclusivity for Eylea in October 2022,
which extended the U.S. market exclusivity of
Eylea through to May 2024." Several com-
panies, including Biocon Biologics, Amgen
and Formycon, have filed BLAs with the
FDA for Eylea biosimilars. Provided there
are no legal challenges to the marketing of
biosimilars, we should expect the first Eylea
biosimilar to hit the market by late 2024.
With Eylea generating more than $9 billion
in global sales, expect to see a number of
lawsuits and countersuits in the days ahead.

Use and market penetration

It’s apparent that the quality of physician—
patient communication can have a large im-
pact on the success of a biosimilar switch, and
particularly on a phenomenon known as the
“nocebo effect.” This is the opposite of the
placebo effect, defined as “a negative effect of
a pharmacological or non-pharmacological
medical treatment that is induced by patients’
expectations, and that is unrelated to the
physiological action of the treatment.”!*

The nocebo effect may come into play
when patients are switched from a reference
biological to a biosimilar and may be trig-
gered by perceptions of biosimilars as “cheap



copies” of branded medicines. It can have
a number of potential consequences—in-
creased symptom burden, psychological dis-
tress, the number of adverse events patients
experience, non-adherence, reduced quality
of life, wasted medication, increased health-
care costs, more complicated treatment reg-
imens and no apparent cost savings. Physi-
clans can mitigate the effects of the nocebo
effect by having a better understanding of
biosimilars, including how they’re approved,
and passing this increased confidence onto
their patients. "

Because the two Lucentis biosimilars were
the first biosimilars to be marketed to oph-
thalmologists in the United States, uptake by
retina specialists was initially slow. It took time
to educate retina specialists about biosimilars
and what they mean in terms of treatment
options for patients. At the same time, some
retina specialists were also concerned about in-
traocular inflammation-related adverse events
that were observed in some patients who were
treated with other approved nonbiosimilar
drugs.'® But consistent and clear messaging
on the advantages of biosimilars, along with
efficacy and safety data from postmarketing
pharmacovigilance has played a significant
role 1n the uptick in acceptance by the retina
community."”

Unique challenges in ophthalmology

Biosimilar penetration in ophthalmolo-
gy has encountered some unique challeng-
es, the biggest of which is off-label Avastin
(bevacizumab, Genentech/Roche) for treat-
ing retinal diseases. Although Avastin isn’t
FDA-approved for use in retinal disecases,
multiple studies, including those led by the
National Eye Institute and the DRCR Retina
Network, have demonstrated equivalency
between use of Avastin and the approved
ant-VEGF injections. Avastin must be com-
pounded before it’s administered into the eye,
and even with some cases of floaters, retina
specialists have continued to prescribe it, usu-
ally as a first line of treatment before getting
approval from payers for the more expensive
Lucentis or Eylea.

Another factor that may be playing a role
in acceptance of Lucentis biosimilars by
retinal specialists is the recent approval of
anti-VEGT injections such as Vabysmo (fa-
ricimab, Genentech/Roche) and Eylea HD
(aflibercept, Regeneron), which have demon-
strated longer durability and thus a decrease
1n injection frequency.

Lastly, some retina specialists have been
averse to take up the Lucentis biosimilars
due to financial reasons; they perceive that
payers are benefiting more from the use of
these biosimilars than the physicians or pa-
tients do. Biosimilar companies will need to
provide retina specialists with information on
how the use of biosimilars is going to benefit
their practices.

The economics of biosimilars

Achieving the full cost-saving benefits of bi-
osimilars requires patients currently receiving
the reference product to switch." This would
be ideal, although more work needs to be
done in this regard.

When Byooviz was launched in June 2022,
it was listed at a price of $1,130 per 0.05-mg
single-use vial, approximately 40 percent
lower than the list price of Lucentis. Cimerli
launched with a list price of $1,360 for the
0.5-mg dose single-use vial and $816 for the
0.3-mg dose vial.'® This downward pressure
on pricing in relation to the reference drug
has definitely pushed payers to consider the
biosimilars in place of the reference product.

A few companies that manage prescription
drugs have chosen to remove the reference
product, Lucentis, and have decided to add
the two Lucentis biosimilars instead to their
formulary."” More such instances will come to
light as the biosimilars continue to push their
way into the mainstream.

Bottom line

The sponsoring companies are monitoring
the two approved Lucentis biosimilars in
post-marketing pharmacovigilance. Since
their introduction, no reports of any major
issues related to their use have emerged. This
suggests that these biosimilars in ophthal-
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mology are equally safe, while achieving similar visual acui-
ty outcomes as the reference product.

The current approved Lucentis biosimilars, Byooviz
and Cimerli, have helped change access to medications for
retina specialists and reduce costs for patients and payers,
or both. It’s imperative that we continue to have enough
resources in our armamentarium to benefit patients, in
terms of efficacy, access to care and reduced costs. As in
other fields in medicine, biosimilars in ophthalmology will
continue to play a substantial role in helping reduce barriers
to access while reducing the cost of health care in general. ®
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Pearls for the Port Delivery System

Pearls for the Port Delivery
System with Ranibizumab
refill-exchange procedure

This modality may help decrease the treatment burden.

By Noorulain Khalid,MBBS, and Dilsher S. Dhoot, MD

Take-home points

» The Port Delivery System with ranibizumab requires two refill-exchanges per year and can significantly reduce treatment burden for patients
with neovascular age-related macular degeneration, especially those who require frequent intravitreal anti-VEGF injections.

» The refill-exchange procedure is performed in the office setting under strict aseptic conditions while using good task lighting and magnification.

»  The EVP strategy (Environment, Visualization and Perpendicularity) maximizes the ability to complete refills in one attempt.

»  Proper refill-exchange technique reduces the risk of complications.

»  We additionally describe key pitfalls to be avoided in order to minimize the risk of complications.

ascular endothelial growth factor

has been implicated in the patho-

genesis of a range of conditions,

including neovascular age-related
macular degeneration and diabetic mac-
ular edema.! As we all know, the use of
anti-VEGF therapy has dramatically rev-
olutionized the treatment of these condi-
tions, leading to both visual and anatomic
benefits.?

First approved in 2006, ranibizumab is an
anti-VEGIF monoclonal antibody
fragment indicated for the treat-
ment of neovascular age-related
macular degeneration among
other VEGF-driven eye condi-
tions.” Anti-VEGF agents like ra-
nibizumab have traditionally been
delivered via frequent intravitreal
injections as often as every four
weeks. This approach results in a
significant burden to patients and
their caregivers. Moreover, each in-
jection carries risk, the most feared

being endophthalmitis, which risks potential
sight-threatening consequences.

A recognized unmet need in the treat-
ment of NVAMD is durability. More dura-
ble treatments have the potential to reduce
cumulative long-term risk as well as burden
for patients. The biologic agents currently
used typically have short intraocular half-
lives, thus the development of a long-acting
ocular drug delivery platforms is ideal for
increasing treatment intervals.*

Figure 1. Port Delivery System with Ranibizumab. A) Supero-tem-
poral gaze with implant visible through dilated pupil. B) Inferona-
sal gaze allowing visualization of PDS septum.®

(All images: Copyright 2021 F. Hoffmann-La Roche, all rights
reserved. Used with permission.)
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Figure 2. Components of the Port Delivery System with
Ranibizumab.®

Here, we’ll discuss
one of the options to
help ease this treat-
ment burden, the Port
Delivery System with
Ranibizumab, and
share pearls for its use
in anticipation of'its po-
tential re-introduction
mnto the U.S. market.

The Port Delivery
System

The PDS was first
approved by the Unit-
ed States Food and
Drug Administration
in October of 2021
for NVAMD in adults

who have previously

responded to at least two anti-VEGT in-
jections.” The PDS allows for continuous
delivery of ranibizumab and requires two
refills a year thereby reducing the burden
associated with frequent injections.

The PDS is surgically implanted at the
pars plana and allows for sustained delivery
of a customized drug formulation of ran-
ibizumab (Figure 7). The ocular implant is
refilled using a proprietary refill needle via
an in-office refill-exchange procedure.

The Phase III Archway trial evaluated

Figure 3. Demonstration of displacement of implant contents while injecting fresh new

solution.®
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the safety and efficacy of PDS with Ranibi-
zumab with 24-week refill exchanges versus
monthly intravitreal anti-VEGF injections
for treatment of neovascular AMD in pa-
tients responsive to anti-VEGF therapy.’
The study demonstrated noninferiority
and equivalence of the PDS in achieving
vision outcomes in comparison with intra-
vitreal ranibizumab injections.®’

Voluntary recall/potential relaunch

In October 2022, Genentech/Roche ini-
tiated a voluntary recall of the PDS ocular
implant and insertion tool assembly after
identifying that the implant didn’t meet
pre-specified standards. Refill-exchange
procedures could continue in patients who
had already received an implant, however.?
A thorough root-cause investigation was
conducted. Updates to the PDS implant
and the refill needle have been implement-
ed to optimize performance and mitigate
the risk of septum dislodgment which has
resulted in the resumption of PDS clinical
studies and an anticipated relaunch in the
commercial setting.

Refill-exchange

Understanding the nuances of the PDS
implantation and surgical technique is vital
to the successful performance of the device.
The nuances of the in-office refill-exchange
procedure are also equally important to un-
derstand for optimal device performance.
The refill-exchange is within the wheelhouse
of the practicing retina specialist, though the
procedure differs from a typical intravitreal
injection. The individual elements of the PDS
and their dimensions are illustrated in Figure
2. The implant body can hold 20 pL of drug.

The solution within the implant body
is exchanged via the refill-exchange pro-
cedure wherein existing ranibizumab is
replaced with fresh drug. An injection of
0.1 mL of drug can replace >95 percent
of implant contents, as demonstrated in
Figure 3.°



Preparing for the procedure

The refill-exchange procedure is per-
formed under strict aseptic conditions, typ-
ically in an office-based setting.

Dilated slit-lamp examination (and/or in-
direct ophthalmoscopy) should be carried
out prior to the procedure to inspect the
implant in the vitreous cavity, through the
pupil. This helps to identify if septum dis-
lodgement has occurred, in which case no
further refill-exchange procedures should
be performed as normal device functioning
can’t be assured."

A slit lamp exam should additionally be
conducted to identify the clock-
hour location of the implant
and any landmarks which may
aid in septum targeting. Careful
examination of the conjunctiva
should be performed to exclude
conjunctival retraction or ero-
sion, implant exposure or other
complications.

Following this, we recom-
mend the Environment, Vi-
sualization, Perpendicularity
(EVP) strategy which has been
developed through clinical
experience for a successful re-
fill-exchange procedure.!" EVP
is explained further below.

\
' !
o

Figure 4. The procedure is performed in  Figure 5. Stabilizing the globe during the refill-exchange
procedure with a cotton-tipped applicator.

Setting up for a
successful refill-exchange
procedure: EVP

The following is key to un-
derstanding the EVP concept:

¢ Environment. Creating
an optimal environment helps
to ensure a smooth procedure.
The key steps for this can be
remembered by the acronym
SEPTM (Sterility, Eyelid Spec-
ulum, Positioning, Task lighting
and Magnification).

Sterility is paramount for
avoiding infectious complica- “
tions; the procedure should

a sterile in-office environment.?

be conducted within a sterile field, with
a surgical mask and sterile gloves worn
throughout (Figure 4). Needles and syring-
es should be transferred into the field as
required. A broad-spectrum microbicide
such as povidone-iodine should be applied
to the periocular skin, eyelid and ocular
surface. An optional sterile drape may be
used, and a topical antimicrobial applied
to the fornix."

The patient is optimally positioned su-
pine at a 20 to 30 degree angle with the
chin up. Use of an eyelid speculum facilitates
casy access for the physician and frees up

——

Figure 6. (A) Targeting the center of the septum. (B) Perpendicular approach to entry.®
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their hands for precise needle positioning.

The physician should consider standing
on the contralateral side to the implanted
eye. This allows the physician to target the
center of the implant septum while main-
taining a perpendicular direction of entry of
the refill needle. It additionally allows good
visualization of the septum entrance point.

Lastly, optimal task lighting and magni-
fication assist in providing a comfortable
working environment for the physician.

¢ Visualization. The implant flange
is best visualized by asking the patient to
maintain an inferonasal gaze, as demon-
strated in Figure 1B.

Use of a cotton-tipped applicator can be
helpful to stabilize the globe, keeping the
eye in the correct position for the flange to
be appropriately visualized throughout the
procedure. This is illustrated in Figure 5.

If visualization of the septum is proving
difficult, the extrascleral flange outline may
be helpful in guiding towards the expected
location; the septum should be found at the
intersection of the long and short axes.'

If septum visualization is challenging de-

3
- i ’

Figure 7. Maintain a perpendicular orientation throughout the procedure.’
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Figure 8. Non-sterile vial being held with sterile gloved
hand.”

spite the above measures, transillumination
through a dilated pupil may be helpful.

¢ Perpendicularity. The prepared
syringe and refill needle should be ad-
vanced through the overlying conjunctiva
and Tenon’s capsule into the septum. The
septum is self-sealing, enabling access to
the implant body while preventing drug
egression.

The refill needle should be inserted at
a 90-degree angle to the implant flange,
through the Tenon’s capsule into the center
of the septum (Figure 6).

This orientation should then be main-
tained throughout the procedure as this
ensures successful exchange and prevents
implant movement (Figure 7)."°

Perpendicularity should additionally be
maintained when removing the needle,
which avoids damage to the septum or con-
junctiva.

Pitfalls
Some key pitfalls should be avoided when
carrying out the refill-exchange procedure.
Ideally, when preparing the syringe and



drawing up the ranibizumab solution, an
assistant should handle the non-sterile vial.
Figure 8 shows a physician holding the vial
with a sterile, gloved hand, which contam-
inates the hand, increasing infection risk.

Twisting should not be used as a mecha-
nism to gain access to the implant septum
through the conjunctiva and Tenon’s cap-
sule. Additionally, avoid a twisting action
when attempting to reorient the angle of
the needle, after entry has been gained.
Twisting causes unnecessary frictional
damage to both the implant septum and
overlying conjunctival tissue, and may lead
to septum dislodgement.

Post-procedure assessment
and instructions

Following the procedure, the flange of
the implant should be inspected to ensure
correct positioning under the conjunctiva.
There should be no subluxation or dis-
placement. The positioning of the device
inside the vitreous cavity should also be
inspected via dilated indirect ophthalmos-
copy/slit lamp examination, at which point
complications such as vitreous hemor-
rhage, retinal tears, retinal detachment or
lens trauma should also be ruled out.

Patients should be instructed to refrain
from touching or rubbing the eye, be made
aware of signs and symptoms that may
require immediate medical attention and
to take post-procedure drops as prescribed.

The Port Delivery System with Ran-
ibizumab results in meaningful durability
gains for patients with as little as two in-of-
fice injections per year. Following a success-
ful PDS implantation procedure, the keys
to success hinge on successful and smooth
in-office refill procedures.

By keeping these key pearls and pitfalls in
mind, the practicing retina specialist will be
positioned for success. @

A summary of key considerations while performing the refill exchange procedure.
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Clinical primer on Eylea HD:
Review of the current data

Here'’s what we know about the new high-dose
aflibercept based on the pivotal trials.
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Take-home points

» Eylea HD is 8 mg aflibercept (0.07 mL of 114.3 mg/mL solution)—a four-times higher molar dose thaniits original counterpart
(2-mg aflibercept, Eylea). It was approved by the FDA in August 2023 for treatment of DME and nAMD.

¥

PHOTON (for DME) and PULSAR (for nAMD), two multicenter, randomized, double-masked trials, demonstrated comparable visual

and anatomical improvements between the 8-mg and 2-mg aflibercept doses, which were sustained during the two-year trial

periods despite fewer injections in the 8-mg groups.

to its 2-mg counterpart.

Pooled safety analysis from PHOTON, PULSAR and CANDELA trials showed a similar safety profile of 8-mg aflibercept compared

PHOTON and PULSAR trials were the first to demonstrate that 8-mg aflibercept can allow DME and nAMD patients to be treated

immediately with every 12- or 16-week dosing after their initial monthly doses and experience clinically meaningful outcomes.

he discovery of anti-vascular endothe-

lial growth factor treatments has been

revolutionary in the world of ophthal-

mology and has paved the evolution of
treatments for many retinal diseases. Afliber-
cept (Eylea, Regeneron), which was FDA-ap-
proved in 2011, is a VEGF decoy receptor
and 1s eflective in managing various retinal
pathologies, including neovascular age-re-
lated macular degeneration, macular edema
secondary to retinal vein occlusion and di-
abetic macular edema. Administered as an
mntravitreal injection of a 2-mg dose (0.05 mL
of 40 mg/mL solution), the efficacy and safety
profile of aflibercept has been demonstrated
in multiple large-scale trials.

FDA approved in August 2023, Eylea HD
1s aflibercept administered intravitreally as
an 8-mg dose (0.07 mL of 114.3 mg/mL
solution), a four-times higher molar dose
compared to its regular counterpart (2 mg).
Recommended dosing frequency is every
four weeks for the first three doses and every

m RETINA SPECIALIST | MARCH/APRIL 2024

cight to 12 weeks (for DME) or eight to 16
weeks (for nAMD) thereafter. The approval
was based on the two pivotal, multicenter,
randomized, double-masked trials: PHO-
TON and PULSAR,"? the data of which
were presented in 2023 at ARVO, ASRS
and EURETINA meetings. Here, we’ll re-
view the key findings of these studies.

PHOTON

The PHOTON trial compared 8-mg and
2-mg aflibercept in treatment of DME over
a two-year period (96 weeks, n=658). Treat-
ment arms consisted of:

*2 mg every eight weeks after five initial
monthly injections (2q8)

*8 mg every 12 weeks after three initial
monthly injections (8q12)

*8 mg every 16 weeks after three iitial
monthly injections (8q16)

Despite fewer injections than the 2-mg
arm (fewer initial monthly loading injec-
tions, and fewer total number of injections),



the 8-mg groups maintained comparable
improvements in vision and central retinal
thickness (CRT) to the 2-mg group (Figure
7).? Eighty-nine and 84 percent of patients
were maintained on 212- and =16-week
dosing intervals, respectively, throughout
the two-year period, while sustaining their
anatomic and vision improvements (Figure
2).% Furthermore, as patients receiving 8-mg
aflibercept were able to extend their dosing
mtervals in the second year (up to 24 weeks)
by meeting pre-specified criteria, 44 percent
met the requirements for 220-week inter-
vals, including 27 percent who were eligible
for 24-week dosing intervals.® At 96 weeks,
the mean number of injections were 13.8 for
the 2q8 group, 9.5 for the 8q12 group and
7.8 for the 8q16 group.’

Subsequent subgroup analysis revealed
similar BCGVA gains from baseline between
8-mg and 2-mg groups regardless of age,
sex, race and ethnicity." An interesting find-
ing from ensuing univariable and multivari-
able analyses was that patients with more
severe disease at baseline, specifically lower
BCVA (BCVA <58 ETDRS letters) or high-
er central retinal thickness (CRT 2474 wm),
were more likely to need shortening of their
intervals (down from 12- or 16-week) due
to discase progression.” However, despite
the interval shortening, these patients were
still able to achieve comparable BCVA and
CRT improvements.

PULSAR

The PULSAR trial compared 8 mg and 2
mg aflibercept in treatment of nAMD over a
two-year period (96 weeks, n=1,009). Treat-
ment arms consisted of:

* 2 mg every eight weeks after three initial
monthly injections (2¢8)

*8 mg every 12 weeks after three initial
monthly injections (8q12)

*8 mg every 16 weeks after three initial
monthly injections (8q16)

Similar to PHOTON’s results, PULSAR
demonstrated durable vision gains and re-
duction in central subfield thickness (CGST)

15 Aflibercept 2mg g8 (n=167) Afiibercept 8mg q12 (n=328) -+ Aflibercept 8mg q16 (n=163)

+7.5 8mg q16°
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Figure 1. Mean change in best-corrected visual acuity from baseline (top), and central reti-
nal thickness (bottom), in patients with diabetic macular edema with different aflibercept
doses and intervals across two years (96 weeks), as per the PHOTON trial.

p<0.0001 (one-sided test for non-inferiority at four-letter margin vs. 2 mg q8 group).
bp=0.0044 (one-sided test for non-inferiority at four-letter margin vs. 2 mg g8 group.
(Adapted from Do DV. Aflibercept 8 mg for diabetic macular edema: 2-Year results of the Phase Il/

1Il PHOTON trial. Presented at the American Society of Retina Specialists 2023 annual meeting, July
28-August1,2023.)

Randomised to 8mg q12 Randomised to 8mg q16 Randomised to either
(n=256) (n=139) 8mg q12 or 8mg q16 (n=395)
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Figure 2. Proportion of patients with diabetic macular edema with their last assigned
aflibercept dosing and treatment intervals (in number of weeks) at the end of two years (96
weeks), as per the PHOTON trial.

@Treatment intervals were extended in Year 2 if patients had <5-letter loss in BCVA from
Week 12 and CRT <300 pm (or <320 ym on SPECTRALIS). (Adapted from Do DV. Aflibercept 8
mg for diabetic macular edema: 2-Year results of the Phase Il/Ill PHOTON Trial. Presented at
the American Society of Retina Specialists 2023 annual meeting, July 28-August I, 2023.)
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with 8-mg aflibercept at extended dosing
intervals that are comparable to the 2-mg
group (Figure 3), with 88 percent treated on
>12-week dosing interval at the end of two
years (Figure 4).° As with PHOTON, patients
receiving 8-mg aflibercept in the PULSAR
trial were able to extend their dosing intervals
in the second year by meeting pre-specified
criteria, and 71 percent met the extension
criteria for 216-week dosing intervals, includ-
ing 47 percent for 220-weck intervals and 28
percent for 24-week intervals.® At 96 weeks,
the mean number of injections was 12.8 for
the 28 group, 9.7 for the 8ql2 group, and
8.2 for the 8q16 group.®

Subgroup analysis showed consistent
BCVA gains from baseline between 8
mg and 2 mg groups regardless of base-
line BCVA, GST, choroidal neovascular
membrane type (classic or occult) or race.”
Furthermore, post-hoc analysis revealed

BCVA change (ETDRS letters)

+5.5 8mg q16°
0
0O 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96
Week
Aflibercept 2mg g8 (n=167) Aflibercept 8mg q12 (n=328) 4 Aflibercept 8mg q16 (n=163)
400
300
g 200
A
(8]
100 -149 8mg q16
0
0 8 16 24 32 40 48 56 64 72 80 88 96
Week
Aflibercept 2mg g8 (n=337) Aflibercept 8mg q12 (n=337) -+ Aflibercept8mg q16 (n=338)

Figure 3. Mean change in best-corrected visual acuity (BCVA) from baseline (top), and
central subfield thickness (bottom), in patients with neovascular age-related macular
degeneration (nAMD) with different aflibercept doses and intervals across two years (96
weeks), as per the PULSAR trial. 3p=0.000 (nominal)(one-sided test for non-inferiority at
four-letter margin vs. 2mg q8 group). °p=0.0007 (nominal) (one-sided test for non-inferiority
at four-letter margin vs. 2mg q8 group). (Adapted from Lanzetta P, et al. Intravitreal afliber-
cept 8 mg injection in patients with neovascular age-related macular degeneration: 60-Week
and 96-Week Results from the Phase Il PULSAR trial. Presented at the European Society of
Retina Specialists 2023 annual meeting, October 5-8, 2023.)
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similar baseline BCVA, CST and CNVM
size across all groups that maintained >12-
week dosing intervals versus those that re-
quired interval shortening, which suggests
the need for interval shortening may not be
influenced by those baseline characteristics.?
A separate subgroup analysis comparing
patients with polypoidal choroidal vasculop-
athy (PCV) to the overall population showed
comparable improvements in BCVA and
CST across all three treatment arms up to
48 weeks.” Furthermore, no significant dif-
ference was found between PCV group and
overall population with respect to being able
to be maintained on a >12-week interval.’

Safety

One of the proposed advantages of Eylea
HD was that it provides a new treatment
option that builds upon the established efh-
cacy and safety profile of 2-mg aflibercept.
Both PHOTON and PULSAR demon-
strated a similar safety profile of the 8-mg
aflibercept to the 2-mg aflibercept through
the two years of the respective trials.*® Most
common adverse reactions in the 8-mg af-
libercept groups were cataract, conjunctival
hemorrhage, increased intraocular pressure,
ocular discomfort/pain/irritation, vision
blurring, vitreous floaters, vitreous detach-
ment, corneal epithelial defect and retinal
hemorrhage.*®

Pooled safety analysis performed with data
across PHOTON, PULSAR and CAN-
DELA, which was a Phase II, multicenter,
randomized, single-masked study compar-
ing 8-mg and 2-mg aflibercept doses for
nAMD, ' also revealed comparable safety
profiles between the 8 mg and 2 mg groups of
aflibercept, with low incidence of intraocular
inflammation.’ Serious adverse events were
infrequent and consistent between the two
doses: retinal detachment (0.4 percent and
0 percent); increased IOP (0.2 percent and 0
percent); and vitreous hemorrhage (0.2 per-
cent and 0 percent) for aflibercept 8 mg and 2
mg, respectively.!! There were no cases of en-
dophthalmitis or occlusive retinal vasculitis.'!
There are limitations of the study in that it’s



a pooled analysis and the data was limited to
available data for the PHOTON, PULSAR
and CANDELA trials, but the overall safety
of 8-mg aflibercept appears to be consistent
with the known safety profile of aflibercept 2
mg from previous clinical trials.

BOTTOM LINE

The PHOTON and PULSAR trials
demonstrated comparable visual and an-
atomical improvements between the 8-mg
and 2-mg aflibercept groups in treating
DME and nAMD, respectively.*® These
benefits were sustained in the 8-mg group
throughout the two years of trial duration
despite the longer treatment intervals of ev-
ery 12 or 16 weeks, which allowed for fewer
total injections. Just as important, in both
PHOTON and PULSAR, as well as the
pooled safety analysis of PHOTON, PUL-
SAR and CANDELA, the rate of adverse
reactions in the 8-mg aflibercept group was
infrequent and consistent with the known
rate for the 2-mg aflibercept.®®!%!

Being able to unite improved clinical out-
comes with reduction in treatment burden,
all while not compromising safety, is an area
of ongoing interest, and can make a sig-
nificant impact in patient care. The 8-mg
aflibercept clinical trials were the first to
demonstrate that DME and nAMD patients
can immediately be treated with every 12-
or 16-week dosing intervals after their mnitial
monthly doses and still experience clinically
meaningful outcomes, while having a sim-
ilar safety profile of the previously estab-
lished profile of 2-mg aflibercept.

There are more questions that need to
be addressed, such as the optimal dosing
regimen, potential long-term implications of
higher volume (0.07 mL) injections, as well as
comparative data to other anti-VEGF agents,
including recently approved faricimab
(Vabysmo, Genentech). More research is
warranted, and as the use of Eylea HD be-
comes more commonplace, more data is
certainly expected, but the presented data
thus far looks promising in improving patient
care. ®
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Figure 4. Proportion of patients with neovascular age-related macular degeneration with
their last assigned aflibercept dosing and treatment intervals (in number of weeks) at the
end of two years (96 weeks), as per the PULSAR trial.

Dosing intervals were extended in Year 2 if participants met the following criteria: 1) less
than 5-letter loss in BCVA from Week 12 AND 2) no fluid at the central subfield AND 3) no
new foveal hemorrhage or neovascularization. (Adapted from Lanzetta P, et al. Intravitreal
aflibercept 8 mg injection in patients with neovascular age-related macular degeneration:
60-week and 96-week results from the Phase Ill PULSAR Trial. Presented at the European
Society of Retina Specialists 2023 annual meeting, October 5-8, 2023.)
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roliferative vitreoretinopathy con-

tinues to be a concern in retinal de-

tachment surgery, presenting signifi-

cant challenges in achieving optimal
surgical outcomes. Despite advancements
in surgical methods and a deeper compre-
hension of PVR’s pathophysiology, postop-
erative anatomical and visual results remain
suboptimal.' This has prompted the explo-
ration of various adjunctive pharmacolog-
ical therapies in conjunction with surgical
intervention.

Current mainstay

PVR is predominantly implicated in post-
operative RD complications, arising from the
proliferation and contraction of cellular mem-
branes within the vitreous, leading to trac-
tional RD and persistent retinal folds.” The
Retina Society Terminology Committee’s
classification (A-D) delineates PVR severity,
ranging from minimal to massive, based on
retinal changes. Subsequent revisions have
enhanced this classification, incorporating
the anatomic location and contraction type
to better guide treatment strategies.’

The cornerstone of PVR treatment in-

volves surgical intervention, primarily via
pars plana vitrectomy accompanied by mem-
brane peeling.*

The operative strategy for addressing PVR
closely mirrors that of standard primary RDs,
with the key distinction being the greater
degree of retinal traction in PVR due to the
presence of membranes and bands as op-
posed to vitreous gel. Consequently, surgeons
may adapt their techniques to meticulously
separate these membranes to facilitate retinal
reattachment. In instances where a scleral
buckle wasn’t placed during the initial repair
of a primary RD, its insertion might be ben-
eficial in the subsequent vitrectomy for PVR.
Nonetheless, the necessity for a scleral buckle
may be obviated if an extensive inferior ret-
Inectomy 1s anticipated.

The overarching aim of PVR surgery is
the meticulous removal of epiretinal and sub-
retinal membranes, which often necessitates
bimanual surgical maneuvers to delicately
handle the retina and its adherent mem-
branes. In most cases, silicone oil 1s preferred
for long-term internal tamponade, although
perfluoropropane (C,F,) gas can be an alter-
native for less severe presentations.’

Figure 2. Postop, the scleral buckle appears to support the
area of inferior traction. Previous areas of macular
proliferative vitreoretinopathy and subretinal bands have
been released with no significant traction on the retina.
Optical coherence tomography shows relief of macular
traction with resolution of subretinal bands and fluid.

Figure 1. Preoperative view shows temporal retinal
detachment with marked peripheral chorioretinal
scarring, proliferative vitreoretinopathy, subretinal bands
in the macula and a star fold with adjacent retinal break.
Corresponding optical coherence tomography shows
disorganized retinal laminations with tractional elevation.
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Despite surgical advances, the prevalence
of PVR post-RD repair hasn’t significantly di-
minished, with most cases manifesting within
three months postoperatively.® In addition,
postoperative outcomes following pars plana
vitrectomy remain suboptimal, amplified by
the recurrence of RD due to PVR.” Consid-
ering these challenges, the investigation of
new pharmacological agents aims to enhance
both anatomical and functional results in
PVR treatment.

In the ongoing search for effective man-
agement of PVR, no pharmacological agents
have yet received approval for use as adjuncts
to surgical treatment. The pathogenesis of
PVR, characterized by inflammation, cel-
lular proliferation and fibrosis has guided
the investigation of various drugs, including
corticosteroids, methotrexate and other anti-
proliferative agents, with promising results in
preclinical studies that are now advancing to
clinical trials (7able 7).

Corticosteroids

Corticosteroids were among the first phar-
macological interventions investigated, pri-
marily due to their extensive anti-inflamma-
tory and antiproliferative properties, diverse
administration routes and minimal evidence
of retinal toxicity.® Preclinical studies have
illustrated the potential of corticosteroids in
mitigating PVR. Notably, one group of re-
searchers conducted research on a rabbit
model, observing that a 2-mg dose of triam-
cinolone acetonide significantly reduced the
occurrence of PVR-associated RD from 90
percent to 56 percent.’

Despite these encouraging preclinical out-
comes, clinical trials have yielded inconsis-
tent results. A particular trial evaluating the
adjunctive use of triamcinolone in 75 eyes
with RD and advanced PVR undergoing
vitrectomy with silicone oil tamponade found
no significant difference between treated
patients and controls.'” Emerging evidence
from sustained-release systems suggests they
can maintain therapeutic drug concentra-
tions for extended periods, although a two-
year randomized trial found no significant

UL W
Figure 3. When dealing with proliferative vitreoretinopathy, Perfluoro-n-octane can
stretch out or loosen up the retina. Also, it lets the surgeon judge the possibility to reat-
tach the retina using a direct PFO-to-oil exchange. (John Kitchens, MD)

difference in anatomical success or visual
acuity when comparing dexamethasone 1im-
plants to placebo in PVR patients.!! While
preclinical data on corticosteroids for PVR
management are promising, clinical applica-
tion has produced mixed results, emphasizing
the need for further research to define their
role in PVR therapy.

Antiproliferative and antineoplastic agents

Methotrexate (MTX), a folate antagonist
with antiproliferative and anti-inflammatory
effects, has been under investigation for its
potential in managing PVR.

Laboratory studies have indicated that
MTX can inhibit the proliferation and mi-
gration of retinal pigment epithelium cells
and induce apoptosis without the photorecep-
tor toxicity associated with other agents like
5-fluorouracil (5-FU)."?

Clinically, MTX has been tested in vari-
ous dosages and delivery methods, including
intraoperative and postoperative intravitreal
applications. However, the benefits of MTX
haven’t always been statistically significant.
For example, a randomized study found a
lower but not statistically significant rate of
retinal redetachment in patients receiving
intravitreal MTX compared to controls."
Despite this, a study involving high-risk eyes
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een shown
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demonstrated a considerable reduction in
PVR incidence with MTX treatment during
surgery, suggesting a potential prophylactic
effect."

Daunomycin, an anthracycline known for
its role in inhibiting cell proliferation and
migration, has been evaluated for its effective-
ness in PVR management through animal
studies.'!% Its use as an adjunct to vitrectomy
in patients with advanced PVR was assessed
in a recent study showing a higher rate of reti-
nal reattachment compared to controls, albeit
with non-significant differences in visual acu-
ity and requiring fewer additional surgeries."”
Research has also delved into the potential
of low-molecular-weight heparin (LMWH)

and 5-FU in PVR prevention, with a notable
randomized trial demonstrating a decreased
incidence of postoperative PVR and fewer re-
operations in the treatment group, although
no change in visual acuity was observed.'®
Another trial, however, didn’t replicate these
significant findings, indicating variability in
treatment outcomes. "

Retinoic acid, an inhibitor of RPE cell
growth, has been shown in a study to sig-
nificantly improve retinal attachment and
ambulatory vision, and decrease macular
pucker formation, compared to a placebo.”
In addition, mitomycin C and a host of
other antiproliferative compounds have dis-
played promising results in preclinical stud-

Table 1. Summary of evidence of pharmacological agents in the

management of PVR
Adjunctive Treatment
Corticosteroids

Current Evidence

dosage of 2 mg.®

Triamcinolone acetonide benefits.”

In animal model, reduced incidence of PVR-related RD from 90 to 56 percent with optimal

In RCT, no significant differences in adjunctive intraoperative triamcinolone efficacy.”
In observational study, mixed results; retina attached in 10 out of 13 eyes, variable visual

Prednisolone In RCT, visual improvement and 87.5-percent success in retinal reattachment.?
In an animal model, didn't mitigate the severity of experimental PVR.2
Dexamethasone In RCT, significant anatomical and functional results from dexamethasone implant."

Antiproliferative and Antineoplastic Agents

Methotrexate

In vitro study, decreased RPE cell proliferation and migration, induced cell apoptosis, no
toxicity to photoreceptor cells.?

In observational studies, varying results, with some showing reduction in PVR incidence and
others showing no significant benefit.**'

In RCT, a lower, but not statistically significant, redetachment rate in MTX group.®

Daunomycin needed.*

In an animal model, effective in preventing RD.®
In RCT, slight improvement in complete retinal reattachment, lower number of reoperations

LMWH and 5-FU

In an animal model, reduce rate of tractional RD.*
In RCT, significant decrease in incidence of postoperative PVR and in reoperation rate.®

In vitro study, inhibits growth of RPE cells.**
In RCT, promising results in terms of retinal attachment and reduciton of macular pucker

Retinoic acid formation.”
In an observational study, there was a beneficial effect in reduction of post-traumatic PVR rate,
Mitomycin C and improvement in anatomical and functional results.?2
Anti-VEGF Agents
Ranibizumab In an animal model, effective in reducing bioactivity of vitreous and preventing PVR.%
In an observational study, no significant difference in BCVA, retinal reattachment rate or
epiretinal membrane formation.?®
Bevacizumab Meta-analysis, not effective in lowering retinal redetachment rate or improving visual acuity.”

RD: retinal detachment, PVR: proliferative vitreoretinopathy, RPE: retinal pigment epithelium, RCT: randomized
controlled trial, BCVA: best-corrected visual acuity, LMWH: low-molecular-weight heparin, 5-FU: 5-fluorouracil,

Anti-VEGF: antivascular endothelial growth factor.
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1es, though their clinical efficacy and safety
remain to be confirmed in human trials.*"??
Presently, topotecan is under Phase II clinical
investigation for its antifibrotic and antiprolif-

erative effects in PVR-related RD.

Anti-VEGF agents

Recent research has underscored the influ-
ence of growth factors in the development of
PVR, particularly noting the role of vascular
endothelial growth factor A (VEGF-A) in
activating the platelet-derived growth factor
receptor @, a key player in PVR’s etiology.?

Preclinical studies have assessed ranibi-
zumab, an anti-VEGF medication that tar-
gets all VEGF-A isoforms, demonstrating its
efficacy in reducing vitreous bioactivity and
preventing PVR in animal models.**

However, the transition from animal to
clinical studies hasn’t met with similar suc-
cess. Prospective studies, including one that
evaluated the effects of repeated bevacizum-
ab injections within a silicone oil medium
on both the anatomical success and best-cor-
rected visual acuity, haven’t shown significant
improvements in patients with PVR-induced
RD.»

These findings align with a meta-analysis
of 133 studies, which concluded that bev-
acizumab does not effectively reduce rates
of retinal redetachment nor enhance visual
outcomes in patients undergoing vitrectomy
for PVR. This gap between promising animal
research and less conclusive clinical results
highlights the complexities of PVR treatment
and the need for further investigation into
effective therapies.”

Bottom line

Collectively, these findings highlight a land-
scape of potential, yet unapproved, adjunctive
pharmacotherapies for PVR. The journey
from promising preclinical results to clinical
application remains fraught with variabili-
ty, necessitating further rigorous research to
establish efficacy and safety profiles before
these therapies can be recommended as part
of PVR management protocols. &
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was sitting on my couch watching the

2024 NBA Slam Dunk Contest while

texting with my basketball-enthusiastic

friends when Jaylen Brown of the Boston
Celtics brought a fan from the audience to sit
in a chair so he could jump over him while
dunking. The graphic provided by Turner
Sports identified this fan as “Kai Cenat.”
One of my friends (and fellow retinal surgeon)
mmmediately group texted, “I must be finally
too old because I have no idea who Kai Ce-
nat is.” A quick Google search revealed that
he is an “online streamer and YouTuber,”
otherwise known as an influencer.

The Rise of Influencing

The term “influencer” predates the rise of
social media. It refers to a person or entity
whose behavior or statements trickle down to
mnfluence the behavior of followers. Celebri-
ties such as Coco Chanel and Michael Jordan
were influencing our spending habits decades
before the first social media applications were
released. The first online influencers were
bloggers, but digital influencing skyrocket-
ed with the release of Instagram in 2010.
A picture is worth a thousand words and,
as it turns out, billions of dollars. By 2013,
Instagram included paid ads, and influencers
could directly share products they’ve enjoyed
and get paid for it.

Though influencing isn’t new, what has
changed with social media is the democra-
tization of becoming an influencer. Anyone
with a working smartphone and an idea can
now collect a base of followers with interest-
ing posts, pictures, livestreams and/or TikTok
videos. Similarly, social media has leveled
the playing field for medical influencers. The
medical influencers of yesteryear were a small
group of key opinion leaders who were at
the top universities and/or medical practices,
had access to the most clinical and research
knowledge, and would speak at congresses
and smaller regional meetings to educate the
physician public. For retina, the intravitreal
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injection boom heralded a prodigious gen-
eration of influencers who were looked to for
guidance on which drug to use, how to decide
treatment initiation and cessation, and how
to interpret clinical trial results in the context
of real-world practice. Drug companies paid,
and continue to pay, KOLs (me included) to
deliver branded drug and disease-state lec-
tures. Interests are aligned: greater adoption
of newer medication may result in superior
patient outcomes and supports the pharma-
ceutical industry’s financial motivations.

Influencing the Retina Space

Democratization via social media exists in
the retina space for budding influencers. Ex-
citing surgical videos, podcast discussions of
the literature, commentary on international
meeting highlights, and reposting of results
of peer-reviewed publications are just a few
of the ways any retinal specialist can build
a following. With followers comes influence,
and with influence comes both responsibilities
to be ethical and, whether they are fair or
not, perceptions of clinical and academic
competence. For a retinal specialist hoping to
become a KOL,, social media is now the most
casily accessible route, as it doesn’t rely on
connections via mentors, institutional affilia-
tions, or perceived pedigree based on training
background.

For social media, influencing has been pre-
dicted to merge with Al, corporate interests
and international politics into a murky and
potentially dark field of computer-generated
mfluencing, where bots may produce images
and content of purported human beings who
accumulate followers. Hopefully, we’re able
to stave off this dangerous tech from infiltrat-
ing the medical consciousness, as prescribing
patterns should be kept sacrosanct. For now,
enjoy those LinkedIn, Instagram and TikTok
retina images and videos. Just remember to
take it all with a grain of salt until we devise
better ways to validate and cross-check digi-
tally distributed content. &



EYLEA® HD (aflibercept) Injection 8 mg, for intravitreal use AND EYLEA® (aflibercept)
Injection 2 mg, for intravitreal use

BRIEF SUMMARY OF PRESCRIBING INFORMATION

4. CONTRAINDICATIONS

4.1 0cular or Periocular Infections EYLEA HD and EYLEA are contraindicated in patients with ocular or periocular

infections.

4.2 Active Intraocular Inflammation EYLEA HD and EYLEA are contraindicated in patients with active intraocular

inflammation.

4.3 Hypersensitivity EYLEA HD and EYLEA are contraindicated in patients with known hypersensitivity to aflibercept

orany of the excipients in EYLEA HD or EYLEA. Hypersensitivity reactions may manifest as rash, pruritus, urticaria,

severe anaphylactic/anaphylactoid reactions, or severe intraocular inflammation.

5 WARNINGS AND PRECAUTIONS

5.1 Endophthalmitis, Retinal Detachments, and Retinal Vasculitis with or without Occlusion Intravitreal injections

including those with aflibercept have been associated with endophthalmitis and retinal detachments /see Adverse

Reactions (6.1)] and, more rarely, retinal vasculitis with or without occlusion [see Adverse Reactions (6.2)]. Proper

aseptic injection technique must always be used when administering EYLEA HD or EYLEA. Patients and/or caregivers

should be instructed to report any signs and/or symptoms suggestive of endophthalmitis, retinal detachment or
retinal vasculitis without delay and should be managed appropriately [see Dosage and Administration (2.6 EYLEA

HD, 2.4 EYLEA) in the full Prescribing Information and 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 HD and 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 [see Dosage and Administration (2.6 EYLEA HD, 2.4 EYLEA) in the full Prescribing Information].

5.3 EYLEA HD, 5.4 EYLEA Thromboembolic Events There is a potential risk of arterial thromboembolic events (ATEs)

following intravitreal use of VEGF inhibitors, including EYLEA HD and EYLEA. ATEs are defined as nonfatal stroke,

nonfatal myocardial infarction, or vascular death (including deaths of unknown cause).

+ EYLEA HD: The incidence of reported thromboembolic events in the wet AMD study (PULSAR) from baseline
through week 48 was 0.4% (3 out of 673) in the combined group of patients treated with EYLEA HD compared
with 1.5% (5 out of 336) in patients treated with EYLEA 2 mg. The incidence of reported thromboembolic events
in the DME study (PHOTON) from baseline to week 48 was 3.1% (15 out of 491) in the combined group of patients
treated with EYLEA HD compared with 3.6% (6 out of 167) in patients treated with EYLEA 2 mg.

+ EYLEA: 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.

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

* Hypersensitivity [see Contraindications (4.3)]

« Endophthalmitis, retinal detachments and retinal vasculitis with or without occlusion [see Warnings and
Precautions (5.)]

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

+ Thromboembolic events [see Warnings and Precautions (5.3 for EYLEA HD, 5.4 for EYLEA)]

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.

+ EYLEA HD: A total of 1164 patients were treated with EYLEA HD and 503 patients were treated with EYLEA 2 mg in
two clinical studies. The most common adverse reactions reported in >3% of patients treated with EYLEA HD were
cataract, conjunctival hemorrhage, intraocular pressure increased, ocular discomfort/eye pain/eye irritation, vision
blurred, vitreous floaters, vitreous detachment, corneal epithelium defect, and retinal hemorrhage.

+ EYLEA: A total of 2980 adult 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 (Wet AMD)

EYLEA HD: The data described below reflect exposure to EYLEA HD or EYLEA 2 mg in 1009 patients with Wet AMD,

in1double-masked, controlled clinical study (PULSAR) for 48 weeks [see Clinical Studies (14.1)

in the full Prescribing Information].

EYLEA: 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 (VIEW 1and VIEW 2) for 24 months

(with active control in year 1) [see Clinical Studies (14.1) in the full Prescribing Information].

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

Eyelid edema - - - 1% 2% 2% 3%
Corneal edema - - - 1% 1% 1% 1%
Retinal detachment@ 1% <1% 0% <1% <1% 1% 1%
Retinal hemorrhage 3% 3% 4% - - - -

PULSAR VIEW Tand VIEW 2 VIEW 1and VIEW 2
o i
ARs (=1 /o;:gua; least one Baseline to Week 52 Baseline to Week 96
EYLEA EYLEA EYLEA Active Control Control
HDqg12 HDql6  2q8 EYLEA ibi EYLEA  (ranibi:
Adverse Reactions (n=335) (n=338) (n=336) | (n=1824) (n=595) (n=1824) (n=595)
Conjunctival hemorrhaged 3% 2% 1% 25% 28% 21% 30%
Eye pain - - - 9% 9% 10% 10%
i(r)rci?;et\irotilgcomforl/eye pain/eye 3% 3% 2% R - ~ ~
Cataractd 4% 4% 4% 7% 7% 13% 10%
Vitreous detachmentd 2% 3% 2% 6% 6% 8% 8%
Vitreous floatersd 1% 4% 3% 6% 7% 8% 10%
Intraocular pressure increasedd 4% 4% 2% 5% 7% 7% %
Ocular hyperemiad B = - 4% 8% 5% 10%
Corneal epithelium defectd 2% 2% 3% 4% 5% 5% 6%
Retinal pgment epithell W% % | % 3% 5% 5%
Injection site pain - - - 3% 3% 3% 4%
Foreign body sensation in eyesd 1% 1% 2% 3% 4% 4% 4%
Lacrimation increased - - - 3% 1% 4% 2%
Vision blurreda 4% 6% 7% 2% 2% 4% 3%
Intraocular inflammationd 1% 1% 1% 2% 3% 3% 4%
Retinal pigment epithelial tear - - - 2% 1% 2% 2%
B T NN EESE R
Injection site hemorrhage - - - 1% 2% 2% 2%

Vitreous hemorrhage <1% 1% 1%

Reported terms differ between the PULSAR and VIEW 1and VIEW 2 studies, as indicated by dashes in

the table.

aRepresents grouping of related terms in PULSAR

Adverse drug reactions (ADRs) reported in <1% of participants treated with EYLEA HD were ocular hyperemia
(includes adverse events of conjunctival hyperemia, conjunctival irritation, ocular hyperemia), lacrimation increased,
eyelid edema, hypersensitivity (includes adverse events of rash, urticaria, pruritus), retinal tear, and injection

site hemorrhage.

Less common serious adverse reactions reported in <1% of the patients treated with EYLEA in VIEW 1and VIEW 2
were hypersensitivity, retinal tear, and endophthalmitis.

6.2 Postmarketing Experience The following adverse reactions have been identified during postapproval use of
aflibercept. Because these reactions are reported voluntarily from a population of uncertain size, it is not always
possible to reliably estimate their frequency or establish a causal relationship to drug exposure.

Eye disorders: retinal vasculitis and occlusive retinal vasculitis related to intravitreal injection with aflibercept
(reported at a rate of 0.6 and 0.2 per 1 million injections, respectively, based on postmarketing experience from
November 2011 until November 2023).

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy Risk Summary Adequate and well-controlled studies with EYLEA HD and EYLEA have not been
conducted in pregnant women. Aflibercept produced adverse embryofetal effects in rabbits, including external,
visceral, and skeletal malformations. A fetal No Observed Adverse Effect Level (NOAEL) was not identified. At the
lowest dose shown to produce adverse embryofetal effects, systemic exposure (based on AUC for free aflibercept)
was approximately 0.9-fold of the population pharmacokinetic estimated exposure in humans after an intravitreal
dose of 8 mg for EYLEA HD and approximately 6 times higher than AUC values observed in humans after a single
intravitreal treatment at the recommended clinical dose of 2 mg for EYLEA [see Data].

Animal reproduction studies are not always predictive of human response, and it is not known whether EYLEA HD or
EYLEA can cause fetal harm when administered to a pregnant woman. Based on the anti-VEGF mechanism of action
for aflibercept [see Clinical Pharmacology (12.1) in the full Prescribing Information], treatment with EYLEA HD or
EYLEA may pose a risk to human embryofetal development. EYLEA HD and EYLEA should be used during pregnancy
only if the potential benefit justifies the potential risk to the fetus.

All pregnancies have a background risk of birth defect, loss, or other adverse outcomes. The background risk of
major birth defects and miscarriage for the indicated population is unknown. 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.

Data Animal Data In two embryofetal development studies, aflibercept produced adverse embryofetal effects when
administered every three days during organogenesis to pregnant rabbits at intravenous doses >3 mg per kg, or
every six days during organogenesis at subcutaneous doses >0.1mg per kg.

Adverse embryofetal effects included increased incidences of postimplantation loss and fetal malformations,
including anasarca, umbilical hernia, diaphragmatic hernia, gastroschisis, cleft palate, ectrodactyly, intestinal atresia,
spina bifida, encephalomeningocele, heart and major vessel defects, and skeletal malformations (fused vertebrae,
sternebrae, and ribs; supernumerary vertebral arches and ribs; and incomplete ossification). The maternal No
Observed Adverse Effect Level (NOAEL) in these studies was 3 mg per kg. Aflibercept produced fetal malformations
at all doses assessed in rabbits and the fetal NOAEL was not identified. At the lowest dose shown to produce adverse
embryofetal effects in rabbits (0.1 mg per kg), systemic exposure (AUC) of free aflibercept was approximately 0.9-
fold of the population pharmacokinetic estimated systemic exposure (AUC) in humans after an intravitreal dose of 8
mg for EYLEA HD and approximately 6 times higher than systemic exposure (AUC) observed in adult patients after a
single intravitreal dose of 2 mg for EYLEA.

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 HD and EYLEA are not recommended during breastfeeding. The developmental and health benefits of
breastfeeding should be considered along with the mother’s clinical need for EYLEA HD or EYLEA and any potential
adverse effects on the breastfed child from EYLEA HD or 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 4 and 3 months after the last
intravitreal injection of EYLEA HD or EYLEA, respectively.

Infertility There are no data regarding the effects of EYLEA HD or EYLEA on human fertility. Aflibercept adversely
affected female and male reproductive systems in cynomolgus monkeys when administered by intravenous injection
at a dose 91times higher (based on AUC of free aflibercept) than the corresponding systemic level estimated based
on population pharmacokinetic analysis in humans following an intravitreal dose of 8 mg for EYLEA HD and at a
dose approximately 1500 times higher than the systemic level observed in adult patients with an intravitreal dose
of 2mg for EYLEA. A No Observed Adverse Effect Level (NOAEL) was not identified. These findings were reversible
within 20 weeks after cessation of treatment [see Nonclinical Toxicology (13.1) in the full Prescribing Information].
8.4 Pediatric Use The safety and effectiveness of EYLEA HD in pediatric patients have not been established.

The safety and effectiveness of EYLEA have been demonstrated in two clinical studies of pre-term infants with
Retinopathy of Prematurity. These two studies randomized pre-term infants between initial treatment with EYLEA
or laser. Efficacy of each treatment is supported by the demonstration of a clinical course which was better than
would have been expected without treatment [see Dosage and Administration (2.9), Adverse Reactions (6.1), Clinical
Pharmacology (12.3) and Clinical Studies (14.6) in the full Prescribing Information for EYLEA].

8.5 Geriatric Use In PULSAR, approximately 90% (604/673) of the patients in the HDg12 and HDq16 groups were 65
years of age or older and approximately 51% (343/673) were 75 years of age or older.

In PHOTON, approximately 44% (214/491) of the patients in the HDg12 and HDq16 groups were 65 years of age or
older and approximately 10% (50/491) were 75 years of age or older.

In the clinical studies for EYLEA 2 mg, 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.

10 OVERDOSAGE Overdosing with increased injection volume may increase intraocular pressure. Therefore, in

case of overdosage, intraocular pressure should be monitored and if deemed necessary by the treating physician,
adequate treatment should be initiated.

17 PATIENT COUNSELING INFORMATION In the days following EYLEA HD or EYLEA administration, patients are

at risk of developing endophthalmitis, retinal detachment or retinal vasculitis with or without occlusion. If the eye
becomes red, sensitive to light, painful, or develops a change in vision, advise patients and/or caregivers to seek
immediate care from an ophthalmologist [see Warning and Precautions (5.1)]. Patients may experience temporary
visual disturbances after an intravitreal injection with EYLEA HD or EYLEA and the associated eye examinations [see
Adverse Reactions (6)]. Advise patients not to drive or use machinery until visual function has recovered sufficiently.

REGENERON"
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Permanent J-code
JO177
Approved for Wet AMD —
Long-Lasting Control, Fewer Injections'

As demonstrated by vision outcomes in PULSAR at Week 48
—fewer injections vs EYLEA® (aflibercept) Injection 2 mg

QYEYLEAHD

(aflibercept) Injection 8 mg

EYLEA HD is the first and only anti-VEGF treatment approved in Wet AMD for
immediate dosing at Q8W and up to Q16W intervals following 3 initial monthly doses'

PULSAR primary endpoint: Mean change in BCVA (ETDRS letters) from baseline at Week 48
was 6.2 letters gained for EYLEAHD Q16W, 6.7 letters for EYLEAHD Q12W,and 7.6 letters
for EYLEA 2mg Q8W.* LS mean differences were noninferior to EYLEA 2 mg usingamargin
of 4letters: -1.1letters (95% Cl,-3.0t0 0.7) for EYLEAHD Q16W and -1.0 letters (95% Cl,-2.9
t00.9) for EYLEA HD Q12W. Patients received 3initial monthly doses.!
« Fewer mean number of injections: 5.2 for EYLEA HD Q16W and 61 for EYLEA HD Q12W

vs 6.9 for EYLEA2mg Q8W'™

*FAS at baseline: EYLEA HD Q16W (n=338), EYLEA HD Q12W (n=335), EYLEA 2 mg Q8W (n=336). FAS;
observed values (censoring data post ICE) at Week 48: EYLEA HD Q16W (n=289), EYLEA HD Q12W (n=299),
EYLEA2mg Q8W (n=285)!2

TPatients who completed Week 48: EYLEA HD Q16W (n=312), EYLEAHD Q12W (n=316), EYLEA 2 mg Q8W (n=309)!

D

See the outcomes at EYLEAHDhcp.us

IMPORTANT SAFETY INFORMATION FOREYLEAHD
ANDEYLEA
CONTRAINDICATIONS

«EYLEAHD and EYLEA are contraindicated in patients with ocular or periocular
infections, active intraocular inflammation, or known hypersensitivity to aflibercept
or toany of the excipientsin EYLEAHD or EYLEA.

WARNINGS AND PRECAUTIONS

«Intravitreal injections, including those with aflibercept, have been associated with
endophthalmitis and retinal detachments and, more rarely, retinal vasculitis with or
without occlusion. Proper aseptic injection technique must always be used when
administering EYLEA HD or EYLEA. Patients and/or caregivers should be instructed
to report any signs and/or symptoms suggestive of endophthalmitis, retinal
detachment, or retinal vasculitis without delay and should be managed appropriately.

« Acuteincreases inintraocular pressure have been seen within 60 minutes of
intravitreal injection, including with EYLEA HD and EYLEA. Sustained increases
inintraocular 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 HD and EYLEA. ATEs are
defined as nonfatal stroke, nonfatal myocardial infarction, or vascular death (including
deaths of unknown cause).

°EYLEAHD: The incidence of reported thromboembolic events in the wet AMD
study (PULSAR) from baseline through week 48 was 0.4% (3 out of 673) in the
combined group of patients treated with EYLEA HD compared with 1.5% (5 out
of 336) in patients treated with EYLEA 2 mg. The incidence in the DME study
(PHOTON) from baseline to week 48 was 31% (15 out of 491) in the combined group
of patients treated with EYLEA HD compared with 3.6% (6 out of 167) in patients
treated withEYLEA 2 mg.

°EYLEA: 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 ranibizumalb 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
eventsin the patients treated with EYLEA in the first six months of the RVO studies.

REGENERON"

EYLEA is aregistered trademark of Regeneron Pharmaceuticals, Inc.
© 2024, Regeneron Pharmaceuticals, Inc. All rights reserved. 777 Old Saw Mill River Road, Tarrytown, NY 10591

ADVERSE REACTIONS
*EYLEAHD:

° The most common adverse reactions (=3%) reported in patients receiving EYLEA
HD were cataract, conjunctival hemorrhage, intraocular pressure increased,
ocular discomfort/eye pain/eye irritation, vision blurred, vitreous floaters, vitreous
detachment, corneal epithelium defect, and retinal hemorrhage.

*EYLEA:

° Serious adverse reactions related to the injection procedure have occurredin
<01% 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 HD or EYLEA and the associated eye examinations. Advise patients not
to drive or use machinery until visual function has recovered sufficiently.

INDICATIONS

EYLEA" HD (aflibercept) Injection 8 mg is indicated for the treatment of patients with
Neovascular (Wet) Age-Related Macular Degeneration (AMD), Diabetic Macular
Edema (DME), and Diabetic Retinopathy (DR).

EYLEA" (aflibercept) Injection 2 mgis 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 Prescribing Information for EYLEA HD
and EYLEA on the following page.

anti-VEGF, anti-vascular endothelial growth factor; BCVA, best-corrected visual
acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; FAS, full analysis set;
ICE, intercurrent event; LS, least squares; Q8W, every 8 weeks; Q12W, every 12
weeks; Q16W, every 16 weeks.

References: 1. EYLEAHD full U.S. Prescribing Information. Regeneron
Pharmaceuticals, Inc. December 2023. 2. Brown DM; PULSAR Study Investigators.
Aflibercept 8 mgin patients with nAMD: 48-week results from the phase 3 PULSAR
trial. Presented at: Angiogenesis, Exudation, and Degeneration 2023; February 11,
2023;virtual.
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